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SECTION’  .1 

summjvry  of  progress 

The  first  experimental  engine  completed  11.68  hours  of  testing,  in¬ 
cluding  27  minutes  operation  with  the  duct  heater  lit.  Subsequent  dis¬ 
assembly  revealed  no  major  problems.  Objectives  for  the  first  build  of 
the  engine  were  attained.  Engine  parameters  obtained  included  N2  speeds 
from  idle  to  907o  of  design  speed,  and  airflows  from  idle  to  88Z  of  design 
flow.  The  maximum  demonstrated  corrected  thrust  was  22,850  pounds  with 
duct  heater  lit  and  18,060  pounds  nonaugmented .  The  highest  turbine  inlet 
tem.perature  was  1760°F,  Rebuild  of  this  engine  is  in  process  and  is 
scheduled  to  resume  testing  the  latter  part  of  May.  The  second  experimental 
engine  build  is  in  progress. 

The  rebuilt  high  compressor  rig  testing  was  continued  with  simulated 
Build  No.  5  fan  discharge  profiles  at  the  high  compressor  inlet.  No  adverse 
effect  was  observed  in  overall  compressor  performance  or  stress  level. 

The  rig  Is  being  rohuilt  with  rcoperated  parts  to  increase  the  work  load 
In  the  middle  stages. 

Testing  of  the  0.6-scalo  fan  rig  witli  the  recambered  2nd-stage  blades, 
tlie  original  design  Lst-stage  blades,  and  the  "drooped"  splitter  has  shown 
that  the  2nd-.stage  blades  were  not  passing  the  desired  airflow  at  high  cor¬ 
rected  speeds.  Tlie  2nd- stage  blades  are  being  redesigned  to  increase  air¬ 
flow,  and  parts  will  be  procured  for  testing  in  the  0.5-scale  fan  rig. 

A  Preliminary  Engine  Specification  for  the  JTF17A-21L  was  issued  for 
Lockheed's  application  of  an  Increased  airflow  study  version  of  the 
JTF17A-20  engine. 

Pratt  &  Whitney  Aircraft  SSX  program  personnel  attended  or  conducted 
meetings  with  representatives  of  The  Boeing  Company,  Lockheed  California 
Company,  the  Federal  Aviation  Agency,  aviation  Jet  fuel  supplier-, 
Boo'.;-Allen  Applied  Research,  Inc.,  Research  Analysis  Corporation, 

Delta  Airlines,  and  National  Airlines  on  subjects  of  SST  fuel  requirements, 
current  tubing  technology,  design  details,  growth  studies,  noise  attenua¬ 
tion  studies,  SST  economics,  engine/airframe  Interface  activities,  and 
general  SST  discussions. 
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SECTION  II 
PROBLEM  REPORT 


Teardown  of  the  first  experimental  engine,  FX-161,  revealed  several 
cracks  in  a  labyrinth  air  seal  ahead  of  the  Ist-stage  turbine  disk  as 
reported  in  paragraph  111-B.  A  redesigned  seal  to  eliminate  this  problem 
is  being  incorporated  in  the  rebuild  of  Che  first  experimental  engine. 

Detailed  inspection  of  the  engine  oil  system  and  bearing  compartments 
revealed  no  defective  parts  nor  connection  leaks  to  account  for  inCermittent 
oil  loss  noted  during  the  first  runs.  Analysis  of  the  system  indicated 
possible  leakage  past  the  No.  2  face  carbon  seal  as  the  result  of  poor 
drainage  of  oil  through  holes  in  the  No.  2  bearing  support.  Corrective 
action  in  the  form  of  increased  number  and  size  of  drain  holes  and  a 
307o  increase  in  spring  force  on  the  carbon  seal  has  been  incorporated 
into  parts  for  the  second  build  of  FX-161  and  the  second  experimental 
engine,  FX-162. 
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SECTION  III 

DESCRIPTION  OF  TECHNICAL  PROGRESS 


A.  ENGINE  DESIGN 
1  .  Fan 

A  design  study  vas  completed  for  the  Lockheed  inlet  to  provide  a 
means  of  attachment  for  the  trailing  edge  portion  of  the  flow  divider. 
Vertical  assembly  requirements  necessitate  that  this  attadimer""  be  done 
prior  to  installation  of  the  engine. 

An  initial  design  study  of  the  Boeing  front  mount  system  was  com¬ 
pleted.  An  alternative  front  mount  system  was  investigated. 

Evaluation  of  design  changes  for  the  prototype  engine  was  continued. 

2 .  Fan  Rig 

Design  layout  and  detail  drawings  were  completed  for  a  sheet  metal 
inlet  bellmouch  as  a  replacement  for  the  fiberglass  bellmouUh  that 
failed  on  the  0.6-acale  fan  rig. 

1‘  redesigned  2nd-3tage  fan  rig  blade  was  completed  and  detail 
drawings  wlii  be  completed  in  May. 

3.  High  Compressor 

Design  changes  were  completed  to  improve  the  end  wall  condition  of 
the  variable  .stators.  End  gaps  were  reduced  by  selective  fitting. 

The  design  layout  for  independent  actuation  of  the  7th-8tage  stator 
on  the  experimental  engines  was  completed. 

De.sign  and  detail  drawings  were  completed  for  redesigned  3rd-,  4th-, 
and  jLh~3tQgc  blade.s.  Sec  p.iragraph  III-C  for  aerodynamic  dc.a  c  r  ip  t  ion  . 

Tlie  telemetry  Instrumentation  design  for  high  rotor  at  the  No,  3 
bearing  compar  Lmeiit  l.s  a  clieilu  I  ed  for  completion  cirly  iti  Hay, 

A  di'slgn  change  crn.'s  eotiipicfcd  to  provitl<_ . .  e  clearance  between  tiic 

daiiipet  weight  and  I  he  tii.'jk  lug  to  pttclude  btndLng  nl  tlie  blaile  liaTiiper 
we  I gh  t  a  . 
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4.  Primary  Combustor 

Incorporation  of  primary  combustor  design  changes  for  the.  prototype 
engine  it  continuing.  The  status  of  the  primary  combustor  rig  is  reported 
in  paragraph  III-D. 

5.  Duct  Heater 

Incorporation  of  duct  heater  design  changes  for  the  prototype  engine 
is  continuing. 

n.  Turbine 

Incorporation  of  turbine  design  changes  for  the  prototype  engine  is 
continuing.  The  status  of  the  turbine  rigs  is  reported  in  paragraph  III-E. 

7.  Shafts,  Bearings,  and  Seals 

Incorporation  of  the  bearing  compartments  design  changes  for  the 
prototype  engine  is  continuing. 

Redesigns  to  prevent  oil  leakage  from  the  No.  1  and  No,  2  seal 
compartment  were  completed.  This  incliide.cl  improved  drainage  from  the 
upper  tower  shaft  (starter  gearbox),  from  the  cavity  between  the  No.  2 
bearing  and  seal  and  frum  the  cavity  between  the  No.  1  bearing  and  the 
forward  sual. 

S.  Accessory  Drives 

De.sign  of  a  power  takeoff  gearbox  and  decoupler  for  the  Lo.ckheed 
installation  is  continuing  based  on  curreutly  available  airframe  infor¬ 
mation.  Two  feasibility  studies  of  a  combination  power  taker ff  and  airframe 
hydraulic  pump  drive  gearbox  for  the  Boeing  in.s tal la tion  were  completed 
and  submitted  for  airframe  comment.  These  differ  in  the  orientation  of 
the  pump  and  power  takeoff  pads. 

Design  modifications  were  made  to  increase  the  oil  drainage  passage 
for  the  experimental  engine  starter  adapter  gearbox  (to  permit  use  of 
existing  ,] 5B  starters)  to  avoid  flooding  the  gearbox.  This  gearbox  is 
I'.ol,  a  component  of  tiie  prototype  enf'ine,  It  is  a  Cost  stand  component 
til. at  is  cngine-Tiiouiited . 
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S .  Fuel  Sys  tem 

A  schemati"  drawing  of  the  fuel  and  hydraulic  systems  depicting  pro¬ 
posed  plumbing  connections  between  control  components  and  between  components 
and  manifolds  has  been  initiated  for  the  prototype  Boeing  engine  and  is 
approximately  75%  complete. 

10.  Control  System 

a.  Experimental  Engine 

Design  work  for  an  alternative  system  for  automatic  duct  nozzle  con¬ 
trol  was  completea  in  this  report  period.  The  completion  of  detail  draw¬ 
ings  is  Scheduled  in  May. 

Design  work  on  duct  nozzle  and  clamshell  actuator  plumbing  for  the 
final  experimental  engine  was  continued  and  is  scheduled  for  completion 
early  in  the  next  period. 

b.  Prototype  Engine 

The  component  rearrangement  study  for  the  Boeing  engine  is  approxi¬ 
mate,  ly  8C%  complete.  In  conjunction  with  this  study,  new  envelope  draw¬ 
ings  were  initiated  for  the  unitized  fuel  control,  main  fuel  pump,  and 
the  hydraulic  pump. 

Mockups  of  quick-disconnect  fuel  controls  for  the  Lockheed  configuration 
were  re.eived  from  two  vendors  and  are  being  evaluated. 

11.  Electrical  and  Instrumentation  System 

A  preliminary  electrical  diagram  was  completed  and  sent  to  Boeing. 

12.  Reverser -Suppressor 

Studies  of  the  prototype  reverser-suppressor  are  continuing.  Effort 
is  being  directed  to  simplify  and  foolproof  the  actuaticn,  synchronization, 
and  interlocking  of  the  suppressor  hiow-iii  and  clamshell  reverser  doors. 

Minor  design  modifications  are  being  made  to  facilit  te  the  manufacture 
of  the  reverser-suppressor  for  the  initial  expeiimental  e  ginas.  These 
modifications  a  a  primarily  to  simplify  tooling  and  mater. il  procurement, 
and  to  eliminate  components  chat  would  not  be  functional  in  che  initial 
test  period. 
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No  single  cuttable  syatem  has  yef:  been  devised  v/hich  will  satisfy 
the  installation  requirements  of  both  airframes  without  major  modlfica 
tion.  It  is  becoming  increasingly  apparent  that  this  section  of  ihe 
engine  must  be  designed  specifically  for  a  particular  Installation. 

Design  was  completed  of  a  more  universal  wind  tunnel  model  of  the 
reverser-supprebsor  for  performance  studies.  This  nod^l  will  allov/ 
simple  interchange  of  components  to  allow  evaluation  of  various  con¬ 
figurations  and  aettinge. 


I 


I 


Pratt  &  Whitney  Pllrcrafc 

I'WA  1‘R-1HAA 


B.  ENGll-ni  TEST 

April  rtiflie  IJ-t;  TntHl 

EX-161  11.60  hour*  ll.6fl  liourpi 

I.  Expar ImonUt) I  Englnti 

a.  EX«l6l  Toe r, Ins 

ToBLtnft  ol’  the  flret  JTP17A-20  expcr l/nenui ,  ungine  (I'X-lfil)  wna  rrm- 
tinueO  tliroiigli  curii|tleL Iwti  uf  the  ouliadu lotj  tutit  prpgrgn)  in  the  licit  teesP 
ol  ApvLl.  Tli»i  ortgiiio  uuciiinijlntod  lliAfl  lioyrs  of  whlcli  0.65  iiour  was  duec 
heating  time.  Tli@  test  ettelnod  all  the  ebjectlvea  al  the  Ir.lttal  test 
prograffl*  A  ohrono logita i  list  of  slgalflEapt  events  dyeing  tlte  test  on 
FX-161  to  «»  fyllowai 


31  Mflrcli  ^<ndu  Initial  start  ofi  engine  aint  ten>'l'ie!) 

CunctlnoAl  at)'*  her  formant  e  data  at  Itlla 
thruut , 


I  April 


7  April 


6  April 

§  April 


Gnnflnnad  atartlng  auliedijlB,  Ohenked  apefHr'nn 
t)f  varUblf  acator  aetuatlon  ayatem  at  5200 
high  rotor  (N^)  rpm. 

I'trCornuinyf  tul  1‘iration  tfia  uhtainad  up  in 
fi550  Nn  rpw  InrliMjlnu  yarisbl?  stator  ft  tsttul! 
F(i  aen  level  laUeoff  pavlclani  bhut  down  to 
repair  oil  teak  in  f op-mnurtted  siarter  gesrhug, 

001(1  iHued  performance  nalthrsilDn  tiirnugh 
v(A  nf  design  H,,  spcoo 

i; 

Lit  dun  henter  at  7250  llj  rpm  to  liisek  light* 
off  fuel  t  li'Wa  s(ti(  opef  ai  lull  of  ayalenie,  Hjiul 
down  to  Inepeci  unglne  uml  -11  systoina, 

Cond'ined  p;iv  formante  tailhs  ei  ion  wlrh  dnn 
heatei  III. 


6  April 


Removed  eitgli'.  frnni  Lo^jL  eiand  fio  teardu^ii 

illilt  1  n  0  pB  L  i  |o|l  > 


Mi  A  1 


^att  A  Whffney  nifcraft 
PWA  flUlB"' 

nm  ♦engine  teft>  dowfi  wan  fl'.compl jflhffd  wtL)i  thp  atigtfi#  In  a  het  lnonlaJ, 
position  CO  take  maxlmuin  advantaii  af  all  vtuiial  ctJndlclon  Indisatlenij 
1,0,,  all  siflins,  Aiol  pefllElanAp  ryaidiiul  oil  volufflea  In  eonpapciiitntfl , 
ate,  Vlsiml,  Bygio,  and  dimana lannl  Inapocclon  of  arl  major  plrta 
I'avafltsd  thftt  all  pafCs  f«re  In  flxcal  Uitc  ^oinlltion,  ind  wsti  iWlpBiijjla 
lot  reliuiid  er  ciie  engine.  On*  labyrlncir«ii  iefil  ilitad  el  ciia 
turbine  disk  had  rraeked  in  flevarai  plaeee  aera»«  iho  tinlf#  edgei ,  au 
ehtiwn  ttt  figare  TIX»D*1,  Anolysl#  of  ibo  flafil  IndiCBCfla  cli«t  Elu  ftrfleltMi  ,; 
woa  0nus*(l  by  a  high  older  reeonanee  (appranliwiBly  6O0Q  epi),  Tlii  a(uil 
Iraa  boen  fodoaliinul  te  tncfeeaa  ctm  elaargni#  and  to  InaMpBrat^  a  jrylfffjt 
flfrOP  and  damnar,  - 


8sv«rnl  cimoo  flurtni  ilte  teal  r<HiB  evidence  of  oil  laakaga  from  the 
Bv*  beard  ambient  venti  wee  naiad,  Vliuil  lniipeeilari  of  ihe  oil  ayateio 
and  beating  eempartmiiite  duftni  dlBaiiambly  and  dattilid  pert 
Faveelod  uu  dafaetlva  |iafta  nsf  loai*  eonneeilona  In  ’he  oil  lyfiuji, 
Analyaia  or  the  all  aupply  ayateDi,  oil  leaveisglng  iyateiA,  eonpircmint 
breatliar  eysceni,  and  seal  eablanc  vent  iyatara  iniileated  Chat  iddltlpnal 
eeaveiige  drain  aree  throogh  Invlea  In  tha  N^ji,  t  bearing  auppptt  ahould 
avoid  CUaijlni  (lie  No,  2  face  aaei,  Parer  for  the  rebuild  of  PN-lbli 

aaeiM  gwf-  i9MUI»fit|tl»llb  B||gMIM«|  MflV«a  fMniiMfAfar  iHCfflSSS  tl\§ 

iiid  ilaa  ef  these  lioles  to  in|iruve  oil  drel  tage  down  to  the  gearpun 
liavenii  iiianp,  The  ipring  forte  on  the  f«Qe  aeala  ef  the  Nt,  j  end 
No  I  2  P^pariiaaht  were  Inereaiad  by  30%  to  pruvlda  bettet'  seaVlng  at 
Lille  ntiiidillone  when  fan  dlsehflrgo  pFeesiiFe  uijibaard  af  the  atala  la  at 
a  mlnimuffli  lE  ia  aigiiirieunt  that  the  seal  poirboard  vent  ayataffl  worlted 
aa  Intended  end  no  trete  of  «tl  we#  lourid  in  tbe  gee  peth  leedliig  to 
the  eabin  air  bleed  porta, 

nebuHd  of  the  enalnn  ie  undeiwey  end  deltyery  of  (he  engine  (ft  deap 

i  m  ^  ^  I  ^  M.  ^  kJ^  ..  i  iit.  i. 

te  ->^11^^111 » OM  aiiiL  rmy  ivifn, 

ht  Ingine  Pb’161  Per foFDience  Afielyata 

rtiB  folliiwing  ptr  forritflii!  11  cveltinitoos  were  iMdi  ffoia  dlie  first  test 

ut  tjiE  JTP17Aii2u  engine! 

1.  kiigifit  PX^jfil  uAgaiiitgjiy  nieL  tha  poi  ffiruuiiite  oFdd  Iv  t  lone  fi/i 

t/iif!  elixir  c 
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'i .  Maxiinvjtfi  tlcmnnR  ti  n  tpfl  ccirrecttil  thrust  wan  22,050  lb  witlt  tJiicE 
lisfitfir  lit,  gnti  16,060  Ih  wlcliout  duet  heating, 

1<  A  high  rotsr  (N^)  ftpoed  at  7290  rpm  WAi  auhlsvedj  thlA 
rcpressnta  00%  ui  the  deilgn  sea  Isval  rpm  nf  the 
anglne , 

A,  Maximum  avofoge  tufhlnn  liilot  tgm  ifaturB  of  was 

nieiiuted  at  7|90  rpm. 

3.  OiiGt  haalsf  operflttnh  wan  (jonduoted  In  7,onp  I  onlyi  Ond 
to  ii  maxlffluifi  fuel-dlf  rflilu  at  0,011,  Duet  IibsCbi  tight" 
ufli  Ware  made  at  a  tuglMlr  ratio  ol  0,002  wlch  fie  nflClta* 
able  praBSiiptt  porturhoi  luh, 

6i  trpBL'dGion  wliii  the  variable  cenpreaeor  ateterfl  >vaf  as  ptedieted 
tvfjm  fha  high  eofliprei  inr  rig- 

7i  fgiNiaijm  escraeted  alrtiew  t,n  the  atigine  wee  570  Ib/gee  at 
the  72VO  rpm  afised,  Tlte  angina  hypaaa  ratio  waa  )  ,  76  , 

y,  Tlie  T9Pe  coerfipandlne  te  the  /zvo  rpm  (N^i  nonduvi  hpating 
puliil  waa  0,7//i, 

6  I  Rnglne  FX-161  yibretlun  Aiialyeie 

Andlyils  oC  the  engine  reennenea  anfisila  far  rlin  firHr  fisiAnj.H 
•nglna  vaa  cemplateii  during  (h(>  Initial  daaign.  Tile  anaiyaia  riisl  was 
ueeil  inetjrpnpatit  rhe  TiiuDahtnUo  differential  jf)uai  tr.na  for  a  ioratliig 
iiiafl,  isgeEher  oUh  the  hreht  nathnd  r>f  inceiration  is  flerlvB  aata  of 
fillferinti  nqi'fl '  iaria  ,  flie  (aompleta  nnulni)  arid  iiHMiut  Btrui  tura  cun  be 
eeiuretely  r epriisenced  in  thie  aystr-ii  ,  end  tlie  niialyals  is  iifogruma.l 
for  laFga^ieale  digital  conpuCar  solution,  gulutfun  or  Hib  dilteranip 
equfltLCiriB  ytalds  the  nAlural  It  p(|uetio  los  that  ire  used  to  toiD|)utB  tba 
riBimallBBd  ilfflecrLon  curves,  Til#  rratl  6  WiiUnsy  Alrtraft  design 
SFltiriflil  I#  Ffi  Allow  20%  Stiff  l■6^l^t^l£  margin  In  oil  supptsrLs  to  iiiriil 
shaft  del  tpij  1  luns  , 

A  retiutianro  im,  /  theut  atlcany  l>o  peL  Ustl  by  either  i  liIiii  Im  n  |W'i  = 

§pa!?|  ehulnei  hijuavar  ,  the  rotor  with  #  I  go  1  f  I  ■  ant  beiiflljig  1 1;  jiriipi  n  1  1  , 
iHinSliJeiud  to  rdute  the  Batliattoh.  llie  ineitlal  dtruMa  ‘niibGil  I,  y 
dlffsrti!iC6  in  high  afid  low  S|igeJ  luLurs  era  lio^lviduil  In  tlie  diuilysts 

Lhii.ngh  I  tisr  il'iu  of  BmIki's  eijua  L  Linib  ,-,1  mutton. 
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ModaB  of  vibralilah  wore  cnlijttlatod  for  a  Eompluta ly  alnatlc  angina 
Bq  shown  In  figures  Llirough  III-W-ll,  and  ara  as  follows; 


lat  mod  a  > 

Ind  medis  > 

3rd  moda  - 

Ach  mods  ■ 

0iii  iviida  • 

6 ill  moda  • 


7tii 

6th 

dth 

1  OfU 

a  -v  1 


moda 

moda 

moda 


Pitching  and  bouncing  of  onitlae  on  its 
iupporc  acrijcturo  (figure  in-B-2). 
OafiCllaverad  gaa  ganarator  i<.oving  out  of  phase 
with  ms  in  engine  case  (figure  IXX-S>3). 
Pitching  of  chn  engine  on  the  stand  lupport 
(figure  IIl-Ii-A). 

pLray  bending  of  the  anclre  engine  case 
(figure  lII°U-5). 

7>tiw  rotor  banding  and  turbine  bouneo  (fig' 
uro 


T'jrblne  movyig  out  of  phase  wltli  inner  engine  eaeo 
(figure  IXX*B'7). 

Fan  nudo  (figure  ni>U«a), 

High  ctunprseeor  bending  end  pituhlng  about 
the  No,  (%  Ueerlfig  (Maitra  ltl*B»0l, 
tuner  and  outer  sugiiis  resee  In  phase  (fig¬ 
ure  11X-S°10). 


friidw  «» 


(rtgufs  ixi*s-ii), 


A  comprelienu Ive  vlbriitton  enalysU  was  conducted  on  Che  tnltlal  test 
nf  engine  PX-lbl.  a  deenleretloh  traps  lent  from  7250  rpm  and  5220  Hj 
rpm  was  reeurUed  and  U  shtiwn  graphlially  In  figutus  l/l-B-iZ  through 


Stnedy-oLaLe  vlhrat  itin  d«ta  talfon  at  7250  N^  rpm  and  5220  Uj  i  ))m  are 
alsQ  shown  gfephiraily  in  figufes  III-B-lfl  tlirsugh  llJ.s|i«25, 

7Xie  forced  vlbraLliina  prridocetj  by  the  high  and  low  rntnr  residoal 
unbelencc  can  be  readily  dtettnguielied  ee  dliplnuamanb  peaks  at 
reapecclve  f i  nqueiic  Ls s  of  rhs  lotiifS,  Tlia  low  order  of  dlgplscements 
■vtdenr-ed  In  (he  stsady-itare  plots  Slid  tliii  laok  of  alyntflcanl  rasponBe 
fy  shaft  Bpaed  In  tlie  traosleiii  p’ots  glvaa  gtiod  IndltaLfon  of  rtie  prupar 
inFerarlton  betwiun  shafts,  baaFltig  ■uppocts,  end  ynglnM  LasBa  ,  and 
t 'in  J  1  linn  tliE  dyslyii  liiLegilly  iit  the  ijiigtiiy  -yiiLtiit, 
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^1.  Engine  FX-162 

Procurement  of.  parts  for  the  second  experimental  engine  (FX-i62) 

Is  nearing  coinpletlon, and  asasmbly  of  subassembllea  la  underway.  Comple¬ 
tion  of  the  engine  build  is  now  scheduled  for  June. 

The  purtu  Hot  for  FX-162  Is  eaaentialiy  identical  to  engine  FX-161 
except  for  fmprovod  aarodynamtes  in  the  fan  (Build  7),  which  allows 
operation  at  an  increoaed  fan  proflaure  ratio. 

2,  liiiterinl  and  Fabrication 

Tlie  rfesulUa  uf  long-time  stress  rupture  and  creep  rupture  testing  of 
current  nlloys  (TU  nlclcel,  TD  nlchrome)  Waopaloy,  titanium,  Astroloy, 
Huatollcy  X,  L-605,  IN-lOO,  and  SM-302  are  plotted  in  fig¬ 
ures  111-11-26  tltrough  llI-B-46.  The  results  are  used  to  verify  current 
design  mACerldl  property  curves;  when  they  are  not  in  agreement,  the 
(loolgn  curves  are  modified.  On  new  material,  the  results  are  used  to 
ganerate  deaign  curves. 

3,  Sulfidation  Testing 

BuHidsClon  testing  of  current  materials  and  coatings  has  continued. 
Tlie  test  conditions  were  1,0  ppm  NaCl  content  In  air  and  maximum  sulfur 
Cuiitciiii.  (0,3%)  by  fiM'i  Bj'ec  1 1 ico t lon  KWA  bJo .  The  metal  tern- 

psratures  oi  tlie  Bpeciineni  were  maintained  at  ]800''F. 

PWA  4?  coating  applied  on  the  antire  PWA  650  material  specimen  pro- 
vldsd  protacMori  from  sulfldaLton  attack  for  450  hours.  'JX;o  specimens 
of  Tf)  nickel  (PWA  i035)  coated  v/itli  PWA  02  (applied  by  two  different 
sourcfis)  iliowad  acceptabin  euLiidutlon  protection  after  testing  for 
150  ligurs  on  ono  spatlinon  and  300  hours  on  the  otlier  specimen.  PWA  658 
with  n  newly  developed  coafi*.*  continued  to  show  excellent  suifldatlon 
raalstsnca  after  1300  Itoure  of  tasting,  (See  figures  lII-B-47  and 
If  J  ""  =  48.)  Test  ing  in  cont  Iriii Ing  on  tiie  PWA  658  and  PWA  1035  specimen. 

4,  hCP  Tea  ting  of  Film  Cooling  Slots 

A  rcporl  of  tha  l.Ci’  ti'Stliig  id  picsented  In  paragraph  III-E. 


IIi-n-5 
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5.  Advanced  Material  and  Manufacturing  I'rocesaes 

Related  technology  to  the  manufacture  and  process  control  evaluation 
and  development  is  as  follows: 

1.  The  development  program  on  an  alloy  with  the  strength  of  L-605 
and  oxidation  resistance  of  Hastelloy  X  is  continuing.  Material 
has  been  ordered  with  modified  alloy  chemistry  to  improve  the 
oxidation  resistance  while  maintaining  the  elevated  temperature 
mechanical  properties.  Additional  testing  will  be  conducted 
when  these  specimens  are  received. 

2.  Astroloy  Sheet  Program  -  Testing  has  been  completed  on  both 
the  hot  rolled  and  cold  rolled  sheet.  Preliminary  analysis  of 
data  is  promising;  a  complete  analysis  of  testing  results  is 
in  process. 

3.  UX-1500  Program  -  Evaluation  of  forgeability  on  subscale 
ingots  is  in  process. 

4.  Extrusion  Forgings  of  IN-100  anJ  Modified  SM-200  Alloys  for 
Turbine  Blade  Application  -  Complete  analysis  of  the  original 
heat  treat  specimens  showed  low  prior  elongation  (less  than 
1%  creep  ri  '■.uro).  Heat  treat  cycles  are  being  modified  and 
evaluations  are  continuing. 


,r8.l4; 
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gure  III-B-5.  Calculated  JTF17A-20  Engine  Vibrational  Mode  at 
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Second  ilending  of  Engine  Case 
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1]  J  -li  1  / 


Figure  Calculated  JTF17A-20  Engine  Vibrational  Mcde  at  8700  rpia  (High  Rotor)  FD  15171 


Forced  Vibration  (Horizontal)  of  No.  2  Bearing  Support 


GH  ROTOR  SPEED  -  ipin(Tliousanci) 

Forced  Fibratioa  (Horiro^stel)  of  No.  2  Bearing  Support 


i  ROTOR  SPEED  -  rpsafTbousaiid) 

Forced  ¥il»ration  (Fer^ical)  of  InCenaediate  Ca* 


Figure  III-B-16.  Low  Rotor 
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FREQUENCY 


Diffuser  Vertical  Vibration  vs  Frequency 


Conditions:  Ni  =  5220  rpm 
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IlI-B-31 


Figure  III-B-25.  Turbine  Exhaust  Vertical  Vibration  vs  Frequency  FD  15620 
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Rupture  Test  vs  Desiga  Curves 
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(pueenotix)  »8d  -  ssaHXS 


Figure  IIl-B-35.  ID  Nickel  (PWA  1035)  Stress  Rupture  Test  vs  Design  Curves  FD  15596 


Figure  EII-B-37.  Titanium  (WA  1205)  0,1/?,  Creep  vs  Design  Curves  FD  15647 
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Figure  IIl-B-38.  Titanium  (PWA  j 202)  0.1%  Creep  vs  Design  Curves  FD  15566 
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Figure  III-B-40.  Waspaloy  Forging  (IWA  1016)  0.1%  Creep  vs  Design  Curves  FD  15564 
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li-B-il.  Waspaioy  Sheet  (Bifi.  1030}  0.5X  Creep  vs  Design  Curves  FD  15563 
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Sulfiaation  Testing  at  1800  F  Using  IWA  533  Fuel  with  Maximum 
(0.3%)  and  1,0  ppm  Salt  Content  in  the  Air 
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C.  CCHPRESSGR 
1.  0.6-Scale  Fan  Rig 

April  Phase  II-C  Total 

Test  time:  0,6-scale  fan  rig  29.56  hours  A37.22  hours 

The  performance  program  for  Build  No.  8  of  the  scaled  fan  rig  was 
completed  during  this  period.  This  build  was  a  test  stand  change  from  Build 
No.  7,  and  incorporated  (1)  the  original  design  Ist-stage  blades,  (2)  the 
Build  No.  7  2nd-stage  blades,  and  (3)  the  Build  Ko.  5  "drooped"  splitter. 
Included  in  the  performance  program  were  design  speed  and  111.2%  of  design 
speed  with  the  Ist-stage  vanes  opened  4  degrees  from  nominal.  During  a 
design  speed  surge  point  at  the  end  of  the  program,  a  60-degree  segment 
of  the  covering  of  the  fiberglass  bellmouth  was  ingested  by  the  rig. 
Approximately  557o  of  the  Ist-stage  blades  were  damaged  between  the  tip 
arid  the  outboard  shroud  to  an  extent  that  they  should  not  be  used  in  ,-he 
rig  for  performance;  no  other  parts  were  damaged.  Sufficient  spare  blades 
are  available  ao  that  a  complete  set  of  these  blades  will  be  available  for 
testing  as  required.  Design  of  a  sheet  metal  bellmouth  to  replace  the 
fiberglas-s  bellmouth  has  been  completed  as  reported  in  paragraph  III-A-2, 
and  the  part  will  be  available  for  the  next  rig  test. 

Data  from  Build  No.  8  testing  are  shown  compared  to  build  No.  5  data 
in  figures  III-C-1  and  III-C-2.  These  results  show  the  same  reduction 
in  total  airflow  that  was  shown  in  Build  No.  7,  but  the  "drooped"  splitter 
caused  an  Increase  in  bypass  ratio  and  surge  line  in  a  manner  similar 
to  the  results  of  Build  No.  5.  Peak  efficiencies  were  not  improved 
over  Build  No.  5  except  at  cruise  speed,  and  were  significantly  loxoer 
than  Build  No.  7  at  speeds  below  design  speed.  Build  No.  8  has  eliminated 
the  question  of  what  caused  the  total  flow  loss  In  Build  No.  7.  The 
2nd-stage  blades  were  the  only  parts  different  betweem  Builds  No.  5 
and  8,  and  are  severely  limiting  flow  in  the  duct  stream.  Analysis  of 
Builds  No.  7  and  8  data  indicates  that  the  2nd-stage  blades  are  not 
jjarforming  as  designed  from  approximately  40%  span  to  the  tip.  The  root 
of  this  blade  is  performing  as  designed,  and  is  providing  increased  surge 
margin  over  the  original  design  blade.  Opening  the  Ist-scage  vanes 


III-C-1 
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4  degree^,  gave  a  slight  increase  in  total  flow,  but  on  an  overall  basis 
there  was  little  change.  This  change  was  made  to  see  if  the  Ist-stage 
vanes  might  be  limiting  flow  at  high  speed. 

A  detailed  analysis  is  being  made  of  Builds  No.  7  and  8  data  to  make 
another  redesign  of  the  2n'l-Etage  blade  that  would  eliminate  the  duct 
flow  deficiency  and  improve  the  high  speed  efficiency,  while  maintain¬ 
ing  or  bettering  the  improved  surge  margin.  Ihe  new  2nd-stage  blade 
design  that  results  from  this  analysis  is  scheduled  for  completion  in 
May,  and  new  parts  will  be  scheduled  for  testing  early  in  July. 

2.  Full-Scale  High  Compressor  Rig 

April  Phase  II-C  Total 

Test  Time  4.28  hours  45.47  hours 

Additional  testing  of  the  high  compressor  rig  with  simulated  Build  No,  5 
fan  discharge  profiles  at  the  high  compressor  inlet  showed  no  adverse  effect 
on  overall  compressor  performance  or  stress  level .  Teardown  of  the  rig 
revealed  no  discrepancies;  all  parts  were  accepted  at  magnaflux  or  zyglo 
Inspection. 

Analysis  of  tne  data  from  Builds  No.  2  and  3  revealed  a  lack  of 
work  capability  near  the  roots  of  the  front  stage  blades.  This  is  believed 
responsible  for  the  lower  than  desired  surge  pressure  ratios  noted  in 
the  March  monthly  progress  report.  To  correct  this  flow  deficiency, 
the  3rd-,  4th-,  and  Sth-stage  blades  are  being  redesigned  by  altering 
the  root”to-tlp  ratio.  This  allows  the  stage  to  accomplish  more  work 
near  the  root  of  the  blade.  Hardware,  is  being  procure.d  to  incorporate 
this  change  into  the  rig  for  testing  in  June. 

A  second  approach  for  improving  the  root  flow  is  to  recainber  currently 
available  stators.  This  can  be  accomplished  in  much  less  lead  time,  but 
possibly  v;lth  a  .slight  reduction  in  compressor  eiiicient^.  Tlie  front 
stators  are  recambered  open  at  the  flowpath  ID  to  allow  i.iore  airflow  !.n 
this  area.  This  results  In  uncamberlng  the  IGV  and  overca'iker ing  the 
3rd-  and  4th-8tage  stator.s  at  the  ID  trailing  edge.  llie  5th-  and  6th-3tage 
stators  are  opened  full  span  by  over camber Ing  the  trailing  edge  to  in¬ 
crease  the  v;ork  level  of  tlicse  8t.nges 


I.lI-C-2 
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The  compressor  rig  parts  have  been  reoperateo  with  these  desired 
stator  recambers  for  Build  No.  4.  I'his  build  is  approximately  95?o 
complete  and  it  is  expected  that  testing  will  be  resumed  early  next 
month.  Strain  gages  are  Incorporated  in  all  stages  of  the  compressor 
to  monitor  blade  vibratory  stresses.  Additional  Interstage  instrumenta¬ 
tion  is  also  incorporated  for  better  data  acquisition  in  the  doflclant 
areas . 


I  11  CO 
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D.  PRIMARY  combustor 


Ti^at  time  for  tliu  full 
annular  combuHtor  rig 

1.  Knifne'  Combuator  TesrlnB 


April  Phase  II -C 

0  lunurs  ,5.36  hours 

(See  relnLud  technology  aiao) 


Tlie  full  arimil/iv  r.tni  intluttlon  coirbuHtor  sue;  c:ea  H  f  u  1  ly  coniisietnti 
tile  fl.rat  JTl''i7A-20  engine  i  eating.  Ignition  character iatfea  ,  tem¬ 
perature  d  Ib  tr  IbuL  Ion  ,  ami  ilurnblllty  were  «  a  t  la  ffle  tot  y  . 

i1io  eumbusv  eHlilbltecl  excellent  Ignition  cliarflc  ter  1. 1  lea  and 
rapid-  riaiiie  propngu  t  ion  throughout  the  full  anriulufl  on  all  .Lavta. 
Saloc't.ecl  lat-fltngQ  turbina  vane  thartnocoupl at  ware  recordad  In  the 
tranalent  niodn  with  sa  I  1  «  far  i  or  y  d  I  M  r  1  l.u  (  Inn  Iron)  Ignition  to  Idle. 


Tymperati.ite  dlntr  Ibution  plots  wet‘  taken  on  all  a  tertdy-fl  lai  v^  pisfnta 
by  rcK  rii'.l  i  iig  (ill  )u|-s|iige  l.iiibine  vane  lliei  ituicnuplea  ,  Tin*  I  \  |ir  ul 
Inn  !,  uuncmtrtL  ion  uaed  In  nliuwn  in  flame  {]-l)-l,  Ca  1  IPi’a  L  i  (.(ii  leula  bad 
been  thii  |i  r  i*  V  f  ouH  (  y  i  ii  an  nit no!  ed  ,  luo  1 1  iiineii  i  ud  lurbl.to  vane  I’lg  to 
eniabifhii  a  t  oi  i  eel.  r>ri  li'oui  Indliated  I  etnpe  i  a  tuie  tu  actual  gaa  ni-renm 
l  nin|!prnl  ut  r , 

I'hll  I'l’dlal  i/lOfllc  Wilfi  f.  M  la  t  1  y  u,  ),  y  tlat  ul  Idle.  Aa  Liie  Luiblfie 
Ininl  I  <t  n(>r  r  a  tut  fr*  wfiu  1  ill' I'uuned  ,  tdii*  noiiiafeii  radial  L  eiii  pu  i  a  t  m  a  pl'nllle 
!  liil  I  I  u  I  pi-j  ,■%  I  I'rtrld  I  O  till'  de'a  )  t  ctl  p/nM  Ir  ii!t  ('iOU’’!'  aeti  IcVul  laltoiill, 

Ti>e  rallrtl  prnfl  ie  at  the  iiiaHlfriMin  (  eirtpera!  ur  a  iuindll  Inn  leaied  !*  ahown 
111  ri^Oit:  Ill'll".', 
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Pratt  &  Whitney  Plrcraft 

PWA  FR-18>3 

The  conibi  sLor  configuration  tested  was  a  Mod  5-lP,  and  Included  many 
changes  devuioped  from  earlier  runs  In  the  JT4  rig.  ITie  condition  after 
11.63  hours  vjas  excellent,  Tliere  was  no  carbon  buildup  similar  to  that 
occurring  on  f.he  original  ram  induction  combustors;  only  light  soot  was 
present.  Tliere  vjas  no  burning  or  metal  dtatress  on  any  of  the  scoops 
or  walls.  Pliotograplia  of  tlie  combustor  after  testing  are  shown  in  fig- 
urea  lll-l)-6  througli  lll-r)~9. 

2.  Related  Tcct.'iology  (Klcsults  of  combustor  testing  conducted  on  other 

programs ) 

April  Related  Total  Related 

Program  Time  Program  Time 

Annular  (iominiutor  rig  4.09  hours  41.28  hours 

test  timm 

Althou(|lt  the  basic  objectives  of  the  JTP17A-20  combustor  rig  program 
have  beifn  mat,  limited  testing  Is  being  conducted  on  ram  induction  com- 
buHiute  in  both  the  annular  tig  and  segment  rigs,  under  fl  related  program. 

The  objective  ol  thLi.  program  is  to  define  the  design  raqu Iremento  nec¬ 
essary  lor  a  1  Kipl  1 1 1  ed  construction  of  a  ram  Induction  primary  combustor, 

IvsllnK  was  'tiiiLlnnod  with  tliu  mm  liitluctlon  combustor  in  the  modillod 

JT4  teal.  rli(.  Tests  were  run  wltli  tho  Mod  'i-IR  (Modi  r  t  rnr  lyn  of  5"1N, 

llt'l  I’WA  PK’177'J,  page  Ilf-D-y,  with  suppoils  n  trrngtliened ,  dome  odgag 

rut  bacU,  prlni/Try  i  noling  hit i  uUsi'd ,  ?tiid  Inner  Hncr  roLatpe!  ao  tlnit 

almlltir  aroope  on  tlio  Inner  ..u\d  oule.-=  liners  are  opposing)  combustor, 

bol.li  v/lili  till',!  wirlioiii  1  lie  dttliiSe'i'  rle  1  I  ei  t  or .  At  utmllui  potriLa,  the 

iliiT  /iiT  Ira  reused  fruin  1.2/  to  l.Ol  when  the  dellecror  waa  I'etiiovud, 
nw)i  avg 

The  1  Th  rig  lias  been  d  tii»sucinli)e(|  snij  will  be  rMbnill  with  a  rum  Induct  Uin 
1  I  liiil.ii  t' r  nr  n|  rl  ,  nip  I  1  f  I  rd  1  I 'Iiu  I  I  111.  r  l(iil  . 

con  t  Igural  J.oiis  ul  the  laiii  Iriduilion  (oiiihuBtur  were  toaieil  tn  tho 
1 0- /jiu;  f  p  f  ‘irgiiiri.f  t  !g  'bji'iiig  the  riiifn!h.  lltesi  wei  e  on  I I  l.iwa; 

Mo, I  S-?H  ^  Htniidurd  llvo.uiiiop  ti.ml.uaioi  (Her  Mod  j-lY,  PWA  FR-lflZS, 
page  11L-!}"I)  V' 1  I  h  porltiuiH  n!  gni  firnhl  r  y  Sio.jpa  blricUpd, 

Hod  3  ><  -  Hi. I  I  (  I.  Ill  1,10  ..I  Mu.  M.,1  i-!/  (R.M  I'WA  M!  I'i.’j,  |ingi.  Jil-lt-l), 

i  i  ig  J  e  1  .  .V,  [i|  i  ino  1  y  eiul  i  tig  i  e  1 '-IW  e  e!_  tutil  a  r  >  wtlh  rear 

' '  I  tt  #  c . .  1 1 .1.1 1  y  ?t .  : 1 1.  It  h  1 .  -I  I  it  *■'  I  .1 1  ;ii  I  'M  I  j  1 1  g  nil  .1 L  I  u  a  t  1 1 1 

It  I . .  .  I  F.  I  il  I  i  I  r  1 1- 1  I  !:  .|  1  ■  f  I  ■.  I  , 
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Mod  5-2D 

Mod  5-2E 


Mod  5-2F 


Mod  5-2G 


Same  as  Mod  5-2C  but  with  cooling  air  at  rear  of 
secondary  further  reduced. 

Single -row  primary  (same  as  Mod  5-lZ)  but  with  a 
double-row  secondary. 

Single-row  primary  and  secondary  (like  Mod  5-lZ; 
but  v;ltl  row  of  secondary  scoops  moved  to  the  rear 
of  the  liner. 

Same  as  Mod  5-lY  (Three-scoop  primary  and  two-scoop 
secondary)  but  ’.’ith  counter-r.itacional  swirlers, 


Tlie  effect  of  the  scoop  pattern  and  reduction  of  cooling  air  on  the 
radial  temperature  profile  can  be  Seen  in  figure  III-D-IO,  From  these 
tests,  it  is  concluded  that  the  single-row  primary  has  the  performance 
potential  to  pertnit  simplified  combustor  construction.  A  single-row 
secondary  inay  have  Iilgh  center  peaked  radial  profile.  Thy,  blocking  of 
the  ficcotula ry  fjcoopfi  and  countfr-rotatlonal  swirlers  had  nc  (’.ppreclable 
effect  on  cninbustor  per foriiwncc . 
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Pratt  &  Whitney  Plrcraft 

rv/A 

e.  wuiiiNi- 

I  ,  'f!i‘ t  111!  1(1  ynM' i  1  (  (Id  ((I  , ill p  (I  I  jj 

The  I'rBiJiUa  fit  lii'i  ,lTiM  M"?0  halfUi  lijadi-  I  put  meittliiiiad  ll!  tha  I’liliriKi ,  y 

rVA  liiipii  viiwilyitpil  (ind  itip  litpl  dnlrt  nru  Bhowa 

in  1  IJ  Ii  )  .  'li.ra  IrilMfll  li’BIfi  lid  vci  Ikmiii  •' (imp  1  p  (  pi)  (in  tlir  JTF17A"tO 

A'v/nll,  lal-Bliiyn  li'fhlurj  hi  udu  (iJimu  i' I  had  in  llin  Fp  hfiiit  ,y  pl'dgrPSft  ipprir!  , 

IWi  FK"l//'y}.  A  hUci*  «;|i  (I  r  ',hc  p(trt  (itid  prc  1  i  ,iii  iwi  ry  Lmbi,  rLimiiiti  air  sliowo 

i.n  L  tfpi  ra  =  TiiiA  (ivarirnii  ttUlii  ‘rig  liC/iiy.ppt  i'PpraflPMi  n  h  ma  joi* 

fl'l VAfU‘i*ri‘i(iiU  1i  l  iii'ljliip  10  a()p  ('iiii- 1  I  111!,  « I  n ( fi ' i< f I  ll fl-a rl  ■ 

Tli'i  A-waII  h  I  d'J(;i  MKlllhita  Aiiparl'.in  (Sudljlljf  (‘ha  i  (((-t  e  id.  At  i  pn  a  ft  ('<itn« 

pared  (:u  DKirn  i.(jn  ynn  1 1  I'n/I  I  (i-in  Vts  (3  U  t  (iT  I  1  I  III- P(  Ml )  ad  airrolla.  An  ftueruji*’ 

fniidsfiftfi  '  offilic  f  .1  ( ll  f  1,1  iif  r  y/iilf  «>h(:(3liie(J  wltli  27.  iidul  Ina  Ait  dt  tty 

piiikI  1 1  1  ii((!> ,  uli  1 li  A  I  iini  I  d  I  ijil  .ITF 1  /A “  7(1  I  I  (I  I  he  ‘  (  ‘(mI  I  M  Oil  ( 7  ?n()*' P  ill  j'hl  lie 
lril«‘(:,  )l()(i  r  tooilii)^  Air),  TIiIm  Ia  an  linpi  ((VPinrnl  of  upproxlmatel  y  1  rjO''P 
(lyin'  iii»'i'i?n(  ,  tie  r  .i  i,  I  iiiiii  I  (;ni(  vpci  I  vn  I  y  v(i((lti(l  airloilh  an  oliowii  III  (Ik- 
iitp  and  li  niiii  III  ■  I  I’ll  I  an  that  iIiIa  all  loll  will  opnratp  fill.  iiipIuI 

I  ompei'ii  liii'M/i  e  I  ((||  t  i  1 1  diu  I  y  liiwtit  lhaii  LIk.'Au  olilhLiiad  pipylounly, 

A  I'  I  I'ltp  i  r  I II '  Ml  o  i  1  O'  1 1  1 1 1  ^  o  I  ( (o  I  I  VC  lie-  0  A  I  *i’  -  ^  \ 

\  (111  ft  Lilt)  I  liiy  All/ 

(jf  tlici  'iMviali  hjeilp  v/l(h  I  Iim  tianl  prcvi  ion  'll  v»<(  I  I  va  1  y  bsIujiiio 

(j»Waii  iiiuiiq)  anil  l  1  i  lotiMii  i;t1  ftt  liiSiiipi.  |  y  ftliowfi  I  Mgiifn  ill-l5-A|  this 

I  !iiii|ia  !' I  ftoli  I  lid  I  (4 1  ui,  aii  1  ii.|it  .lyuiiion  |  (ippi,  1  Hid  t  f  1  y  2  i'/,  hL  27,  i  ui)l  till; 

«  1  f  1  1  ow  I  fliBfte  lyfiiillti  fill;  ( li  i  roiici  i  d  (  yd  hy  Vdiiy  ten!  9  ei'iji  1  (iv  I II  u  stiiillar 
1  B(i  i|  1 IIK  ed  yy  1 1!!|,  1 1 1  yu  iiiti  ll  l  l  <  mi  |  i  n  p  d  >V(i  1  uiMii  (in  n)  town  In  f  I  yo  i  p  I  T  I  K  =  ^  , 

lliii  liilliut  tpdi  lit  d  |iiopiui,i  lo  ^(ii(i,iip  i'(|(|  t  oaL  L  1  VB  |i  r  yp  t  orri  L  1  Li|i 

at  a  Hiiilli'id  for  fiipii  (ii  I  r  I  HU  i(iirlMi!<  hioIm)  !  I'i'.pt  i  a  I  o  ic  of  ITI'I7A'2()  liii'liinq 
.o  i  i  r  i '  M  i(  1 1  M  o  !  1  c  (:  n  (  ,.  i>i[ j  1  r  I  c  1 1  M  o '  I  I  [  1 1  pii  i  I  1 1  :t  i,  I ,  l  *'  O  d  c  1 1 1  I  '  11  Af.'  |l  c  Ei  u  u  j  i  1 1 
l.aho  l  a!  ot  1 1  ri  ror  aim  I  ya  i  o  , 

i  1 ^  ^  I  r  cM  i  i  g  n  S  ^  li  iii!  i  i  if  i  i  >/  |  (  !  I  ?i  •  t  I  I'  I  /  A  '  ^  ?  i  H  I  '  B  f  ll  i'  i  t  <  I*  I  M  i  1  C  V.7ft  f  i  t* 

lo  L  olii  L  hi '  I.  itiH  hr. (I  Iranali^r  leB*  ('ii  I  ho  llrfoll  i?tir  y  1  ii  MnV. 
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3.  I4CF  Teutttlg  of  Film  Con]  In^  Sloe# 

'ITie  program  for  tlutcirniiilng  l.he  LdP  t:apal>l  lltlc#  o£  varloo#  #lot 
cojiflgurationB  haa  oontlnutfd  In  r.he  r.ln'raml  slioak  rig  (lorch-type  epein- 
Clam#  buniar),  'J.li*  thprirfll  ('.yelp  was  ricaiJlflod  to  J.ncrpaaa  the  eem- 
paraLuro  gradient  ac.roria  the  r.lrtoil,  wliloh  ruHnlc#  in  an  IncfcaBcd 
plaatlc  atralrii  II1I0  waw  accompl lnhed  by  iriBtalliiig  a  shield  direct, ly 
belilnd  dig  cooling  air  aiots  In  thii  alrloll  which  defle(M:ed  the  fliimu 
oil  the  airfoil  behind  die  ililalJ.  (fmio  flguris  Ill-B-O.)  The  tempera- 
En!i*a  gradient  frein  the.'  le(idl.i.is  edge  to  hiihind  the  aloia  was  Increaeed 
from  approximately  400*F  (wltlionL  the  aiileld#)  to  approximately  SOO”? 

(with  the  sliialdfl)*  A  hladg  with  «  modtfla'd  "S"-ihuped  a  lot  in  I  |iu  airfoil 
waa  cyclad  <it  the  ravised  cund/.t Iona,  und  ernaka  ware  found  In  the  leading 
adgo  jfter  1500  cye’loa,  Thg  blade  vae  subjoiteJ  to  1500  additional 
cycUa;  however,  no  rraeka  wet#  neneratad  ac  th#  alota  during  the  snelre 
3000  cyclca,  IllrtdoB  with  "K''»ftli«ped  alota  and  "S"-ahaped  ulota  in  the 
Alrfolla  were  ertdi  aiili)irrtej  to  iOOtJ  tliermni  (yrl'^a  (revlBeJ  cundltloriu), 
but  no  cracks  were  generated  at  the  Joadlng  edge  ot  alota.  Dieimal 
cyclic  teat  leaolLH  to  datr'  vnlfy  «nfl  I  y' (.<,»»  i  nUidlea  ahowlng  that  air- 
folia  with  alota  locatiid  a  an  f  r  1  c  unit  distance  from  tlm  lending  edge  will 
generally  track  lit  the  leading  edge  hnfora  cracking  in  the  stroae  con* 
centrailgn  areas  ;it  il,«  hIuIh,  'i'<.«ting  19  continuing  st  sit  liicruaeod 
lempgraC'Jte  gredlent  ior  fuitliut  euhntnnt  latlon, 

Diormai  cycling  el  alottgd  jlrlollu  in  the  Induction  liaatlng  rig 
has  alio  baun  modified,  Tliy  cycllt’  heat  Ing  of  the  londliig  and  tmiling 
edge  in  1800'’F  with  a  tempfraiura'  gradient  of  ?'J0“P  and  a  5000-lb  pull 
applied  raiulced  In  ctacka  in  the  leading  and  Irnlllng  edgea ,  as  In  the 
apeii-flnmo  thermal  shock  rig.  Tltn  Iniluct  Ion  hantlng  colla  are  novi  placed 
dlrettly  oyer  Clip  plot  locutlomi  In  the  alifotla,  T>iu  Lem  per  si;  nr  a  at 
the  slot  is  stabilised  nt  IV50‘P',  and  1400‘'F  sL  the  leading  edge  durlnu 
tjis  "iieat-o.n"  cyclH,  nte  t  einiiet  ai  ute  dui  tng  tlie  "henl-riff'  cycle  la 
I200*r  It  the  plot  iiru!  ll'JO’*!'  Ji  the  IvtlJlng:  etl^e,  i'hls  will  rueiilc 
in  the  highest  thc-ririal  at'filii  In  1  lie  streoa  conce  n  L  rn  L  ion  area  of  the 
fiiuia,  Allliiiiig)i  ihe  slilolla  ui.uld  riiit  I,,-  auLijeLt  in  (Ills  tciiipe t u L ur e 
p/ffidiynL  lIui  iiig  citginu  ope  i  a  1  lun ,  iliia  type  ni  cycling  lit  recpjireii  to 
c  ompare  tlie  varicHis  s  I  nl  1  cmi f  I  gcir  ii t  I  ona  . 
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Turtffioe  Inlet  Temperatore  - 


Pratt  A  Whitney  aircraft 
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Ill  =)>5 


COOLING  AIRFLOW  - 


Cooled  Scheme, 
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Prun  A  Whtin«y  Oifsf  Aft 

fT^A  PR-“ifl5 

AUqHMNTUR 

A  tumurf  of  hhi  lygufilof  iiavclsfCMn^  pttnft  le  diet  i#  pruintld 
in  Ap^^ndtR  A  if  ttijs  ^sftMri  I 


^T. 


Pratt  i  Whitnty  Plroreft 

I’WA  rR-lfl55 


fi,  E(<HAI(iir  uynltJl 

tier  f  Lirrrtfliite  ,  (ijii  Iml  jCQi  Inti  mnil»|  t^fti  Vife  ^Ontlnuid  JurLit|| 

Aptlli  TbhIs  wAm  uiiii<hic^ti><l  w|Ui  varLdtiuiia  of  fan  dtici  pitiii  ottii  ttlirguil 
ysumotty,  sfitj  (tie  «MtS  Wptp  onfliyiipfi,  TTib  pffptf  rif  plug  ban  ■rag)  fl|jsl 

plu|  anitlei  lifi'J  iliFoufl  iangth  no  eru  P^rldroutiyi  was  •itablfaliatl  by 

tlifio  tfili.  Seauica  aitow  liiaf  pp|  fnriMiO  n  ti  •oiiiftiva  to  plug  ftaia 
HFal  iltU  flnai  ping  Jiogin,  Inil  ralatlvpiv  I  iianna  ( 1 1  ya  to  yi  |  LOP  iutia  lo 
ihroiot  n|irtmiiOi  ppFfnrniJinae  Itvila  watH  ulHAltiad  wiib  amai)  banA 

at’pal  nnrl  Inw  ftnal  ping  ariglafi  flin  ttHApI  al  t'Ui  of  itpL  Ist  aa  I  PFri  laating 
Oa#  bg^  aBLondPd  to  1*1  -July  Mt  pff»vit|i  runllnuBil  protytypi  tlai  Lgn  ayppOFfei 
wii  |i  aypfi*  nvntjap  for  tnsEg  I  taf  Jmi  taatingi 

IJl-aWliiaa  liays  lisen  li'aMpI  of  eil  fur  flio  i  r- F  M  ■!  r  /  ~  >t><vr  a  -  upsii  taniJa  I#  tital 
triiJ  ba  uaaU  tut  MaoU  (aata  ttUiiilulail  In  Juoa,  an/|  fabriFaPlnn  of  fulfts 
hil  Man  AlOrLafit  ttiaao  Pasta  gill  loyaaiigala  wliaP  if  fait  FlaMalialif 
till  Mini,  «f)  i  laiitafy  Uiitn  aaitaoslfy  liava  ni  iiiiyale  pe  i  f  oi  (aayi  a 

tJafIgn  'if  A  rt<Miif)|,  tfriltlng  a<1f,a  (lap  tati^iet  baa  bau*)  l•tlltal■•l< 

1  os  (  A  I  I  a  U  oil  gllii  lltia  hmxU  I  aia  aoliaUtilBU  lot  Atiguar, 

IHm  buvitliaoil  vrti.F  MOfta'  (IlgiiFa  tti  U'lj  Is  bniiig  tfiaiPywanigU  ainj 
Piuuitl  (flaw  PnifFufttaiiPHt  Ihu  la  iiaina  faUFUarail  ii.  prypaf at iuf:  fui 

tba  fiFfi  pbaae  of  tosta  I  Isi  Uin  iestB  a^-liFibi  i  sii  fnt  liioa  .nipya  Pitts 
upll  l>typs*lgota  iliB  v'loil  <uiiniii  ritiw  fluid  SfuJ  iOp  piescnra  >1 1  a  1 1  i  till  (  1 1)11 
yyai  ihg  wlna  at  Haob  U.O  sol  Tatis  vlil  ba  Fiiriiliiijlfii  wlPji  the  wliig 

at  -///iriiiiiy  rif  4MU  4f  af  ififAllJinii  Lp  ( he  wlnii 

O'  (  h^  wing  hpft  flight  t  ii  riil  i  f  1 (j*  : 

ilili  hfpiiiiinfj^  l9y#|  OiAidifiptlAMLi!  ihtt  isfLttfiy  ti  phi tiii^ 

h^th  tih"Vr^  rtpH  hpitrW  ‘ht  wlPg.  u|)|  a|«ti  h^  iy-iiiiii 

ffiff,  Ii'  i1  L  i  iilflii  W  I  ts  ehau  1 1  nyt^LF^fi  t  O*  . 

Lb  AugiiSt.  ili'ffdtliiii  p'f  4 

I  If  h  b  I  hf:  i  i|  i'f  I  i;M  f»  <1  E  I  f  i  i  |  i  M  i  | .  w  f  W  |  |il- ttMis  i  »  Y  I  f  ||Pe  |  MM 
#iait  iii  lltP  Ifi  ^  &  i  ’  I  c  E  i  gfi  iifi  4  tie  ^  ii  I  e  i  *  liuiPi  i  U  U  f  I  j  *1  li  ii  i=  , 

t^4  i  ‘  t  i  ^  E  M  Mm  »  *  m  M  i  ' !  6  -Hi  ii  E  I  4  t  I  jPH  i  I  #  r  I  l>  :  i  Ii  i  f  y  f  i  B  h  i  ei  <  |<  |M  (•  e  b  ‘  i  i 
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II ,  eOHTROl.S 

li  ItiHIfll  I  tncnl  >)  I  iIlTlZA-j^O  rtntlrnl  gynipm 

Aitylytlc4l  l'fri|fam 

An  flfialrifi  riimfnilnf  1  nwp  q  t  (  jp  (  i  np  ti  iiolng  pr*'grnfnfl(i  fill  UiB  fl“iid(M 
=  WflJn  f'iftl  onnLfDl  ,  rntififfleil  .fFC*5l  duel  fural  tji.ntFnl  gnd  HID 
Is  FeadbOa  fd  a  I  r  fl  ^rtS  eipti  ffil  , 

I ■  i  Ha  i  n  CiiiiLt  iil 

'tlie  fuiirtii  tlJnyi  eiihirnl  v/<t  ibjjlvftFBtJ  lo  PBDC  troia  lldiidla  PFntiin/l» 
Afir<<a|>aeB  |)|y|a1iin,  Tlipici  ai-e  iiitw  four  eisnlruta  avallahlp  for  Uia  St 
PIUJG|  two  nf  wlilrli  trte»rpi<ia'i#  y  fuel  acliaduip  in  floeordauisa  wllll  lll@ 
Inilial  pSFfgrnuiiUie  ast.IfnACefl^  and  two  nf  w|il@h  hsvi  Lha  fual 

actiBiiulaa  ta  i«|so|lad  isal  inoislh .  bate  frntn  t  bd  frill  lal  piialitp  run 
sr#  baing  aualyaeij  an  ilia  I  ilia  Iseai  ae)|eiinla  pan  Isa  rluiaan  for  foturfe 
PuAfua  riiuntiii, 

i,  Utiiil  Airflow  ClMui|in|«i« 

Hie  aemnti  Itdi'itlion  AmohIiM'I  •Ini  (  4  I  r  1 1  nw  s  liiijlii  f  m  I  ban  bUaii  I'eliilninl 
to  FtUrC  mM-Ii  Ilia  rnllowini;  I  iitfi  mveiiieiil  ■  I  in  nr  |Sol  a  I  ed  isi  I'le  IliiliaBni 

j>  A  iiSysttUit  Sbrillif  ieal  Wat  aslduif  to  rlia  baadtir  of  lbs  Al'/I' 

Salttj'iii  laieieiieH  beiiuwai 

f,  vsere  liiiiuriiiif  u^esl  ii  MMill  Lb#  nuit  lun  tif  rlie  Itircr* 

eijiiiiiy  1 1  iti  link  In  lb#  (P^  »  *#1110*  aaivu  tt>  pF#' 


y#til 

•1  i  Behga  ge>'nitn  I 

t,  hie  ! 

iipnl  1  InkajiB  Wfiq  BblnB'nil 

In  inillllQiMB 

aid#  |i  i  a  y  , 

’Hie  its  (  a 

f  e t- 1 >  1  ti B il  oti  1  F 1  1  B  < f o  t  t  pi  1 

lot  1  .  iieiii# 

1  e  1  M  rhBit  In  riUK-  4  1  # 

StiiiWIi  III  flyiiia  111 -lb  I 

Tli*  ftiai  onlt  wl|!  liB  S'Bi'-iFnFd  to  llawl  I  Lnti  ^lanilniil  fiiF  f  n  ■  o  i  .  im  i  !  ■ -o 

f(f  fiiBuo  arii:i  iiifcr  ticiys;  loieii  BViltiiatyd  4t  pft||r, 

•f  -  fbo  •  Foei  iJonirola 
f  I  )  i  li  1 1  b‘-  I  1 1  K  i  I  .1,1  I  •.  i 

I  li  e  ir  -L-i  \  (  I  li  I  n  u  B  1  FliCit  to  j  bii  '  I  t  •  t  ft  ii|>#  I  1  ni^i  I  (q)  UuyiliB  bbSIb- 

foLiiiiil,  llii:  Ivnij  lioioillf^  --pElliilliiit  -if  Itit  0.,;!  liiiylij 
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A  (ipi/nnit  iniiii'iil  i  i)  jielng  fitted  wl  tii  tlio  (jAftt  rv(|iil  red  ( n  retnoteiy 
mount  tl)p  duel  fnel  pump  coniroU  er ,  nilB  unit  wtll  be  ftnel  I  eaU- cheeked 
fiiid  daltvatet)  Cor  inatallattnn  on  Clip  eacond  expaif itnen Ca  1  angina, 

C2)  ttA=Hl  Duct  Fuel  Control 

Xlie  firkt  AA®K1  control  “on  facelyoil*'  eallbratton  vfli  dlaEontj  nuad 
when  rljo  sBeond  enntrul,  1  nrnrporrtt tft|  an  Cfniiroued  fuel  euliailula,  liBCflfM 
flVfliliiPlB,  TIiIb  i  nprovemeiiL  woe  achievad  by  rtvieing  the  fugi  valve 
Caedbueit  earn  eentouri  a  ruvtaod  cam  (a  available  for  future  1  nata:  1st  Ion 
in  tile  flrei  AA-MI  CIO' t  ro  1  , 

Tile  fuel  flnw  ardiednle  In  the  fleet  AA^Ml  etintrol  v/sa  shown  In 
Cliur*  fll-IUll  of  tlie  Pebeuary  progreag  fepart.  Plgurei  IIJ«ll»ii  lihrouiili 
Ill  11-5  of  (iiie  repiirl  ehow  the  tlenilte  "final  dele"  erlieuulcs  for  the 

lecoiid  uoiit  rol  , 

Hie  M-'HI  teii  lifliicli  1  nsi  rniitentflilon  liae  beeii  fm|iruved  ditrlng  Ihla 
period  end  tiie  enBiiie>type  v  need  Iniip  duel  ashausr  bossle  actuator  and 
feedback  eysiembee  Iteeti  Inetalled.  All  of  I  bp  AA'^Mi  rallbrstlon  tuullng 
lies  lieen  received  riom  llendlH. 

e,  Duct  Hsiilfyld  yulcki'PlIl  ayetem 

L'srgi  1  |lsrts  fui'  tliu  teuseiaued  qujlcic''ri 1 1  lireenlmard  eyetom  tisve 
lieen  maim  fee  ru  fefl  enO  will  be  sssemlil  oil  fni  beticb  eve  I  us  t  loti ,  Hili 
rapawUrtjjed  iyelera  Is  Inlemled  tOF  fufure  ongiue  lost, 

f  ,  1  gli  t  (  )  tiii 

Qi$  ^lehatfitui  nod  dm-l  heater  |l|hl|  weie  echteyod  without  a  niis" 

iLgiii  cluilnii  the  liuiial  lesl  nf  engine  PK'lbl. 
g,  lulllei  SoijluH  lent  hnsulls 

The  follnyiiiji  Gi-tiirEil  ayetcif,  cmupiincn  t  h  pc  r  f'ocriicrt  sa  f  1  c  f  ol  i  l;  r  1  i 
OiirWlg  iiiii  PA-ibi  engine  leal 

t.  Ues  eeneiiilni  fuFl  inniri'l 

J.  tie  B  gBnerni>'i  fnrO  j.iiHj: 

1  ,  i  ji  n  f  i  I  e  a  !  iO  f  >  n  i  [  -■  Wjip 

!i  It  1 1  I  h  F  !i  I  p  r  (  uc  !  i  ni  .|-  i  ^n i  i  i  =  1  1  e  i 
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5 .  Hyd rnti  1  1  f  pump 

ft.  Duel  Imtilef  vfiriJii  p  fnl.onttt  nosjtl*.  Aft,/,  cofitfol 
'll  Dtinl  liPflier  tuoj  I'.ontrol  , 

On.  minor  t-ontrol  J  f  nLiepauty  was  JeiaPtnd  (iorj„g  epp  pnglm 

te«  I . 

An  fltiBMonrnr  nrlDre  (n  the  l,y<lraulU  l„Ut  to  t!,p  6o,npr«iBor  ysne 
(juntrni  WSS  ('tiSliePrl  1„  oi>,|pf  |  r,  proVtOf  f.|l  i  vane  trsv"]. 

Ii.  HnfJifled  Cnntrn)  f.yulpm 

nend,  iPBLing  of  II, P  anto>n«i  ,,  .....JlfletJ  oor.Cfoj  i,  .chedyi  etJ 

fdl  Comp)  H tioii  in  AiijiukI-, 

1.  ^ontroi  fiyiiiaii  Compnnani;  gKpnrteiW!!*  Inpltidlnp  "llol  "  Tcn  int, 

(Rplaloij  rpthiio I  o|(y  j  - 

Pratt  t,  V/I,(trtay  Airorafl  liaa  conn ider able  enparlence  from  other 
Bit,  ihp  iiroyramp  on  foci  eyMMc,  oroiu  osIum  hot  fopl  a,„j  amltleni 

temparatorpa,  Tl,|p  eapp.lpocp  )*  uneanarUa.J  in  ll.o  fol  lowing  tabulation 
for  Ibe  coeiponenm  belny  nae.l  in  the  ..ITPI?A.?0  eape.lm^oLal  aoiilne  p,„. 

gfOiti, 


Itniii 

'l’ni«l 

Total 

Hot  Ylm, 

Total  Tliftif 

I 

Pita  Inn  Ttms  , 

)ii«nrli  TlC’*" 

1,. 

hr 

hr 

111 

Gas  Oeneraiitr  Pup)  |'ii(ii|-i 

>/, 700 

oouo 

50,900 

(Mul  ileaier  Pud  pump 

1  1,1  'id 

l '/ ,  liOo 

6/00 

.15,7*Of7 

fl/i*  General  nr  Conirol 

'j , !  on 

,000 

Gl  00 

00,  yof7 

U'tLl  lltiqlpi  (jool  liil  (libh) 

1 /.GOO 

,  '»0O 

OJOO 

77,000 

Duct  lleetur  nontfol  (ftp,) 

5 , 000 

1  ^ , 700 

f|00 

70,vno 

boi  1  I'oifip  (Jiotl  rol  le| 

1 / , GOO 

,  /.O'l 

0  too 

7?,()0() 

llyiiidulii.  l',i!ii|i 

IG, 700 

1  I  ,  ‘.00 

Ii  (0(, 

KJ,  .■'Of) 

Durr  Nigslu  Coolinl 

>,  /oo 

1  i ,  /oi) 

inon 

71* ,  000 

Tile  hut  lliim  Latiolatp.J  ini  loiltB  (|) 

fUul  lulPl 

1  (i.iipu  1  (i ,  1,  t 

u»  "7  700'']' 

dflU  phuvp  ,  {/)  Oiiih 

|uiil  t  cnipeco  to  1  up  !.|  '(00" 

1'  itr.ij  aOiivG 

,  ft)  fuel 

1  iJiitj  iu  1  ft  1  1  i  f  p  Q  up  i  , ,  'i  ( j  ^  1* 

ffo.l  f-i  )  ai.il.luiil 

1  p a  (1 1.  1  . 1 

n/o'O' . 

|t(  fni  life  Maidi  i  H  iluL 

1  lii-'u  1  ii  ^  <  •  iH  f  f  t 

"1  I  r  el  1  Ily  _ 

'-'t.l.l, 

wi  ih 

( 


avlnll  .ii  jel  rilet,  IVA  h.fel  .yaa 


UBPil  III  (l,lq  tfiCliOi/ 

*  t  i  Ok  !  Ill  lu,lt  U  (jiii,  g  ,,  , 


l1iP  f^A  ')  ?  t 

r  o  i  iii  I,,..,  I  I I  yii  I ,  )j 
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Inclutlfin  J"JOO  houfH  of  Lilting  rtt  greater  than  200"F  fuel  Inlet  tem- 
peraLura;  IW\  523  neat  fuel  has  Uta  lubricity  than  elit  WA  533  uvlntlon 
jat  fuel , 

The  J'rPj7A»20  Initial  aKparltnental  englnoi  In  the  Minae  II»C  progran 
are  being  ■nperatetl  wltli  ealatlitg  devolgped  componenta  froift  other  engine 
programs  wlch  mlnlrnuni  modlfleatlon  to  expedite  the  devel opiiient  program, 
file  varloua  eomponenlB  iolueted  provide  flexibility  In  the  modq  of  con¬ 
trolling  the  engine  to  aid  in  ovoluatfng  the  gontrol  syatem  coneept 
being  proposed. 

2,  Protot  ype  .JTP17A''20  gngino  Control  Itysteiha 
a.  DBeign  Programa 

Both  control  vendiira  have  dellverad  a  unit)  red  fufl  rotitml  inocknp 
(hat  liuorpoiatea  a  tuncept  fur  rapid  raplacemenl  of  the  control  on  the 
engi n« , 

tnvl  1  oiimant a  1  (eating  of  the  Hamilton  Standard  nulfrk-dlictjriiviiu.l 
•  eel  plai.e  concepi.  haa  ccirit Inued ,  To  date,  100  hours  of  Blimilated  3iT 
envifoniiient  a  1  teat  Ing  have  been  romp  I  e  ted  on  pai’ia  that  have  aUimiitutn 
baaoa  liuoTporatlng  alee)  rings  for  attachment  Integrity, 

n>e  unlttsed  fuel  control  adiomsitlca  ara  being  updated  to  reflect 
lliM  cKpu  I  loticu  guined  from  iito  tnttlal  oxpai  imonta)  engine  tests. 

h.  PltDC  Lumputer  Studies  of  JTI''l7A»2tl  Cootrol  Sysicrii 

As  the  reuult  of  the  aiiHjoth  diict  haatar  Ignition  "O  the  Initial 
,l'i'fM7A-i0  oxper  I  itinii  i  a  I  engine  (eetB,  coiTipuier  Bludiwe  ol  lliu  LO'itrol 
aygtorn  were  conducted  in  an  aCforl.  to  reduce  the  time  re<jtjli'fl!l  co  In- 
oraaite  englno  thfit^l  1  rOin  v-  rlt>Ub  loveln  lo  maxlmnni  jO-j  jjfieii  t  a(  Ion  . 

'ilieSe  a(iidlna  raaolteij  in  the  following  Lontrol  ayateiii  >.  tin  (  (  gti  ra  (  I  on 

changes , 

!  ,  tnitr  ticijiaf  r,ii !  I if  i /(( i  i  ‘ ‘H  (.t!  i  in  j  a  b  j  on  slgiuil  tiitiira  f4f 

pol.  h  !  gti  rotor  s|ii!fci!, 

f  .  hii  'I  hcti  (  fe  i  I  gii  I  I  1 1  ’ll  In  eho,  e.  1  (I  I  lliu  I II I  I  i  ii  I  >  iM  Ilf 

(act  M  i  1  1  n  !i  !  I  tU  /olln  I  libT  n  1  I  ■ .  I  <1  . 
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3,  Diirt  fuel  flow  ifl  ina In l:o  1  n«ri  flt  the  dcDtrcd  ilglitoff  level 
lor  Ignl  tlipn  porpoBea  for  /ipproxlmatel  y  I/^t  necontl. 

A.  Zono  IX  mfliilfelcl  filling  Ih  InltlAl'od  wheticver  power  lever 
poaltlon  requeatB  Zone  IX  operatlfin  nnd  Zone  I  fuel  flow 
Idvol  la  flbovfl  llghtofl  How. 

Tranflfor  frorn  onn-r.one  operation  to  two- gone  operation 
oceiirn  when  Zone  If  nuiiilfolil  .‘.u  full, 

c.  P(U)C  Goniputer  SfutlleB  of  USD  Control  .System 

Computer  Btudlefl  of  tlie  II8D  control  syacorn  Indicate  tliat  the  stove 
dsatilbed  eontrol  Byiitein  eliniigeB  result  In  an  acceptablB  uonCiguratlon 
for  the  coridltlona  in veatf  gated ,  wlilcli  are  ahown  in  flgurea  lIl-H-6 
Llirough  lli»ll«10,  Figure  lll-II-f.  ahowN  that  approglinatel  y  7,5  aeuondn 
are  required  from  idle  to  maximun  thrust  at  sea  level  condltlona, 
Aeceleration  f rqm  a  part-power  condition  rcprefleiUing  approncli  power  to 
maximum  augmen IBl. loii  requlreu  eDproxlmatel  y  I  aecondH  ut  sea  level  con- 
dltloiiH,  fls  shown  In  figure  1I)-I(-V.  A  transient  from  maximum  nonangmented 
power  to  maAi  .iiuiii  an  ;mentflt  Ion  dt  sea  level  cniidlUofls  ro<|ulrefi  approx  I mn t  ol  y 
2.j  seconds,  as  shown  In  Itgutu  lll-ll-S.  At  trulso  conditions,  (Mach  2.7, 
65,000  feet)  approximately  3,5  seconds  are  required  for  the  tronslont 
from  idle  to  maxinijm  augmantfl!  Ion ,  and  3,2  seconds  from  ftiaxlntum  nonntignicn ted 
power  to  maximum  flUgmuntat»,un ,  an  ohown  In  flgurnu  Ill-ll-y  and  III-II-IO, 
respectively,  llin  filmllerltv  of  the  two  tranwiont  tliiiei  Is  primarily 
due  tr  the  fact  that  high  rotur  Bpaed  Is  wltliln  100  i  pm  of  iIul'I  haaiar 
aiithorl  stall  L)|i  sp«od  wlteti  operating  at  cruise  hlle  rond  1 1  Ions  ,  As  a 
result,  duct  lieatet  Iriltintiop,  isrcurs  wltliln  the  first  0,3  second  of  the 
transient , 

d,  FllDC  Anslog  gtiidfei  uf  lleudlK  Control  System 

Tiio  iieniiiit  rontrol  syateni  i.oii  f  1  ihiis  i  I 'in  Ioim  hi'S!!  .'^eviatn!  I  r.  the  sanic 
nianner  as  tlie  jiHD  syeleni  /|U!,I  liivoal  1  gat  ed  nl  engim*  'tulse  rond  1  1 1  onS  , 

A  ti'OiiHlenL  from  maKlnuim  lujiiuiigmnnletl  powpr  to  iiiaxli'iom  ilui  L  heat  ref|ulreB 
a  pproK  1  ina  te  I  y  1,7  srcnudi,,  .is  .Tloiwn  In  tigiiio  ITl-ll  II,  I'lgore  llt=l!|7 

ulo.iWU  tl.e  Fe9|UinSu  nt  I  lin  eiigl  He  In  Huvi'r-ll  lypuB  nt  |ii,wui  luyi'i  ni.idii' 

IflLlofi  In  tlie  auginuM  ta  I  1  (HI  r.-iiigp  at  (■fuliio  r-f.rvl  )  t  i  .iriH  ,  'niesr  (lalii  ahnw 
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tlio  variation  in  time  during  which  total  flow  ia  held  conaLant  while 
the  Zone  11,  manifold  ia  filled.  Ttie  sainu  reeponae  ie  expected  from 
the  USD  control  nyatom  for  theoe  random  power  lever  modi.ilationB . 

a.  Unitized  Fuel  Syatein  Pump 

Prollmlnnry  raquiremcntB  Cor  cho  alternative  unitized  pump  have  bt  i 
dellverocl  to  CECO,  PESCO,  TRW,  AND  H9D.  CECO  has  advised  that  a  pre¬ 
liminary  proposal  and  layout  will  be  delivered  to  FRDC  early  in  May. 

f.  Review  of  Commarelal  Turbine  Engine  Control  and  Aceeasory  Probleme 

A  JTFr/A“20  er.glne  Controls  Engineer  visited  the  EAL  Component  Ovar- 
haul  Facility  at  Miernl,  nnd  ths  UAL  Component  Overhaul  Paelllty  at 
Sun  Francisco,  CaliCornia,  and  attended  the  Turbine  Engine  Control  and 
AcceHBory  Ma Intanfli^ca  Coufat'encs  to  review  problems  associated  with 
current  commercial  engine  controls  and  accesaories.  flte  3-day  Maln- 
tanance  Conference  was  held  at  USD  and  was  attendod  by  r^presontntlvea 
id  15  domastic  airlines,  19  overseas  airlines,  3  overhaul  corporations, 
SNECMA,  United  Aircraft  Canada  Ltd,,  United  Aircraft  Intornatlon ,  P&WA, 
end  USD. 

3,  Advanced  Control  System  Programs  (Related  Technology) 

inst'd  iat!”!!  fontdination  for  the  prototype  nyOrauiic  computer  con¬ 
trol  for  the  J3R  eitglne  hus  bocn  complutad,  i'obri  ca  lion  of  plumbing  end 
brackets  for  tha  J58  onglna  installation  Is  approxlmjito)  y  907,  complete, 
end  the  remaining  parts  are  scliaduled  for  delivery  by  mid  May.  Testing 
flC  USD  (*  continuing  on  bclicriulp,  with  I  .June  1  906  schndulqd  for  control 
dal  j,  very . 
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1.  BEARINGS  AND  SEALS 

The  asaembly  and  initial  testing  of  the  JTF17A-20  No,  1  and  2  compartment 
seal  rig  was  completed  during  this  report  period.  The  primary  purpose  of 
this  functional  testing  was  to  determine  the  compatibility  of  the  compart¬ 
ment  parts  and  to  obtain  compartment  pressures  and  temperatures  at  test  covi- 
ditions  duplicating  the  sea  level  operation  on  FX-161  engine.  Figures  III-I-I 
through  III  1-7  shov;  the  No.  1  and  2  compartment  rig  parts  in  various  stages 
of  aoaembly.  A  total  of  11.61  hours  of  rig  testing  was  completed.  This 
testing  was  accomplished  with  complete  compartment  Instrumentation  and  has 
demonstrated  acceptable  operation  of  the  rig  and  engine  compartment  parts. 
Disassambly  of  the  rig  for  inspection  was  in  process  at  the  end  of  the 
report  period. 

Ihe  JTF17A-20  No.  4  compartment  seal  rig  was  disassembled  and  inspected 
after  completing  30,93  hours  of  room  temperature  and  heated  environment 
testing  at  rotor  speeds  up  to  5800  rpm  and  simulated  discharge  pressurizing 
air  temperatures  up  to  750°F.  The  disassambly  Inspection  showed  the  rig 
engine  parts  to  be  in  good  condition  as  shown  in  figures  III-I-8  through 
II1-I-13,  Oil  leakage  past  the  carbon  seals  and  compartment  front  seal 
plate  was  noted  and  corrective  action  taken  to  eliminate  possible  leakage 
during  engine  featlng,  The  oil  leakage  was  primarily  caused  by  inadequate 
scavenging  of  the  seal  liner  cooling  oil  past  the  bearing  support.  To 
eliminate  this  condition,  the  flow  passage  area  into  the  bearing  support 
has  been  Increased  3007..  Static  flow  test  of  the  compartment  has  demon¬ 
strated  that  the  additional  flow  area  is  sufficient  to  properly  scavenge 
the  oil.  Oil  weepage  was  noted  past  the  compartment  front  seal  plate. 

The  cause  of  this  v/eepage  is  believed  to  have  been  a  cocked  labyrinth  seal 
and  loose  stackup  although  there  was  no  evidence  of  race  turning.  To  elimi¬ 
nate  future  occurrence,  a  hydraulic  tool  has  been  made  to  seat  the  bearing  and 
seal  stackup  during  assembly.  Rubbing  of  the  inner  labyrinth  seal  was 
also  noted  on  its  mating  land.  This  wear,  which  is  on  the  entire  cir¬ 
cumference,  also  indicates  tliat  Che  labyrinth  seal  was  cocked  in  the 
stackup.  All  other  parts  sliowed  little  or  no  wear  and  no  evidence  of 
carbon  deposits.  The  conclusion  drawn  from  the  No,  4  compartment  rig 
test  lo  that  the  engine  parts  and  Uic  design  of  the  compartment  pressurizing 
and  vent  system  will  function  as  intendsd  for  JTF17'V-20  engine  operation 
at  both  sea  level  static  and  Mach  2.7,  65,OfjO  feet  cruise  conditions. 
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Plgure  111-1“').  J'rF17A-20  No.  4  Compartment  FE  57018 

Rollf-r  Bearing  After  Itlg  Toj;t 
Sli.jwing  Condition  of  Cage,  .1  iinnr 
Raee ,  and  Kol  I  ers 
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.0  No,  q  CompartmGnt  Carbon  Seal  Assemblies  After  Rig  Test 
Condition  of  the  Carbons 
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gurG  III-I-13.  JTFi7A-20No.  4  Compartment  Seal  FE  5701.5 
Plates  After  Rig  Test  Showing 
Condition  of  the  Seal  Plates 
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J.  FUELS  AND  LUBRICANTS 


1 .  Fuel s 


Fuel  coker  tests  have  continued  or.  aviation  kerosene  to  confirm  that 
the  fuel  is  meeting  the  purchase  specification  requirements  and  to  monitor 
its  condition  in  storage.  A  series  of  coker  tests  have  also  established 
that  the  thermal  stability  breakpoint  of  tlie  currently  delivered  fuel  is 
375°F/475°F.  Another  series  of  tests  are  now  in  process  to  establish  the 
effect  on  thermal  stability  of  releasing  dissolved  oxygen  by  e.xposing 
the  fuel  to  a  pressure  of  1  psia. 

Erosion  and  corrosion  tests  were  continued  with  fuel  that  met  the 
maximum  sulfur  allowable  in  the  PHA  533  specification.  Tliis  testing  is 
discussed  in  paragraph  III-B. 

The  fourth  meeting  of  the  SST  Fuels  Industry  Advisory  Committee  was 
atten.'ed  by  project  personnel  on  20  and  21  April  at  FAA  Headquarters 
in  Washington,  D.C.  to  present  a  progress  review  of  the  .JTF17A-20  fuels 
activities.  The  material  reviewed  at  this  meeting  is  a  summary  of  JTF17A-20 
fuels  activities  to  date  and  is  presented  in  Appendix  B  of  this  report. 

2.  Lubricants 

Laboratory  tests  were  continued  on  candidate  lubricants  to  determine 


Oil  samples  were  taken  during  the  JTF17A-20  No.  4  compartment  seal  rig 
testing,  as  reported  last  montli.  During  the  30.93  hours  of  testing  with 
a  maximum  oil  temperature  of  385“F,  the  viscosity  change  of  the  Mobil  Jet  .[I 
test  lubricant  was  3.857o  and  the  neutra  1  is;a tion  number  change  was  0.03. 

Tliure  was  no  evidence  of  oil  coking  on  any  of  the  compartment  parts. 

Oxidation-corrosion  tcndcnclc.s  of  the  four  caiiclldatc  luliricants  were 
detormlnecl  in  a  .series  of  test.s  using  .sfandard  equipinent  .ind  test  pro- 
ced'.ires,  except  that  more  oil  was  u.scd  to  facilitate  intermediate  sampling, 
i’lic  ro.sult.s  of  tlicfse  tests,  tabiilatei'  in  tatile  IIl-J-l,  show  that  some 
lubricsi'ts  .are  sniierior  to  otiier.s  -as  evidenced  by  the  weight  loss  of  tlic 
i.'.'Luls,  tlningi's  in  viseo.sil.v  and  neutralization  nuinber,  and  sludge 
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Laboratory  ;ests  were  continued  tc  determine  the  foaming  and  evapora¬ 
tion  loss  characteristics  of  Mobil  Jet  II  and  Esso  2380  oil  at  varying 
temperatures  and  pressures. 

Testing  was  initiated  on  the  JTF17A-20  No,  1  and  No,  2  compartment 
face  seal  rig  with  Mobil  Jet  II  lubricant  at  conditions  simulating  the 
sea  level  operation  on  FX-16'.'.  engine.  A  total  of  11.61  hours  of  rig  testing 
was  completed  and  disassembly  of  the  rig  was  in  process  at  the  end  of  the 
report  period. 
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K.  INLET  SYSTEM  COMl  VTIBILITY 

1.  Inlet.  Distortion 

The  computer  program  for  calculation  of  single  blade  row  transient 
response  data  has  been  completed  and  partially  checked  out.  Tlie  effect 
of  the  size  of  the  mesh  used  in  the  numerical  integration  is  being 

investigated  in  an  effort  to  reduce  the  time  ceded  to  complete  a 

calculation. 

The  feasibility  of  writing  a  computer  program  to  estimate  the  ^.ff- 
design  matching  of  a  multistage  compressor  under  the  influence  of  inlet 
distortion  is  being  considered.  The  complexity  of  such  a  program 
ne:cess itates  the  employment  of  simplified  representations  of  the  per¬ 
formance  of  each  stage  when  compared  with  those  currently  used  in  com¬ 
pressor  performance  estimaticn.  Similarly,  the  transient  response  calcu- 
].ation  must  be  simplified  to  hold  the  program  running  time  within  manage¬ 
able  levels.  Data  from  four  of  the  0.6-scale  fan  tests  are  being  examined 

to  determine  if  the  simplified  representations  will  be  sufficiently 
accurate  to  provide  reliable  estimates.  No  fundamental  faults  have  bean 
uncovered  to  date,  and  the  examination  is  proceeding  toward  a  better 
definition  of  the  way  the  boundary  limitations  between  stages  may  be 
handled . 

2.  Eugine/lnlet  Compatibility 

P.  detailed  engine  and  control  dynamic  simulation  is  being  prepared 
for  use  by  Tlie  Boeing  C;ompany  .’'.nd  by  Lockheed  California  Company  in 
engine/inlet  compatibility  studies.  The  Kimuiation  will  cons.ist  of  a 
digital  computer  calculation  leek.  Perform.ance  v;i  1 1  be  calculated  for 
discrete  time  intervals,  and  output  of  selected  parametn;:.”.  as  a  function 
of  time  will  be  available.  The  ,s  inui  lat  Lon  '.'ill  have  the  c.a  pab  i  1 1  ty  of 
accepting  time  varying  input  of  power  lever  angle,  riight  ^onditi.on, 
and  ini. et  condition. 

Data  for  an  inlet  dyn.iinic  .s  iinu  i  a  t  ion  liave  beeri  received  Irom  l.ot  kheed 
California  Compan  The  s  unu  1  a  c  j  r;-ri  is  being  rr:v  iewod  and  wi.l'  b-:  u;.  ed 

lo.r  eng  .Lne  in  1  ft  tom[ja  t  ib  i  i  1 1  y  atudies 
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L.  NOISE 

Modifications  to  engine  test  stand  A-3  that  will  improve  conditions 
for  JTF17A-20  sound  recordings  were  completed  this  month.  Far  field 
microphone  locations  were  installed  on  a  300-fooc  radius  aft  of  the 
engine.  Preliminary  data  have  been  obtained  at  these  locations  with 
both  J57  and  J58  engines,  and  shows  good  repeatability  and  agreement 
with  the  SAE  prediction  method.  The  effect?  of  reflecting  surfaces 
around  the  stand  have  been  minimized  through  alterations  to  the  stand 
and  the  addition  of  sound -absorption  mater ial . 

The  analysis  of  sound  recordings  is  currently  performed  using  an 
octave  band  analysis  system  that  provides  a  plot  of  the  octave  band 
sound  pressure  levels.  Several  fascei  methods  of  analysis  are  under 
review.  These  methods  would  be  fully  cuttomatic  and  would  provice  inputs 
for  a  computer  program  that  would  provide  ' alues  of  perceived  noise. 

Analytical  evaluations  are  being  performed  fi  acoustical  liners  of 
the  Helmholtz  resonator  type.  Maximum  absorption  of  the  energy  incident 
on  resonant  liners  compares  favorably  with  the  absorption  of  nonresonant 
types.  Resonant  liners  also  offer  the  potential  of  light  weight  and 
eliminate  the  possibility  of  fire  hazard  due  to  oil  and  fuel  absorption 
into  the  materials  used  in  the  nonresonant  type.  Measurement  of  the 
sound  pressure  level  within  the  duct,  as  well  as  other  pertinent  parameters 
necessary  for  liner  design,  are  now  in  proceos. 


IlX-L-l 


.ill  nl|iil:il  |||||.!|J>  .'I-  .1.11:1  1 1  ...ill  t; linMii :  lnl'.ljt  t-.ji  Hiiiii:iii  .i.r:.:;kT9ii«iiMii:ii 


Pratt  &  Whitney  aircraft 

PWA  FR-1855 


M.  MOCKUPS 

Duplication  of  the  Lockheed  configuration  on  the  engineering  niockup 
has  been  completed. 

The  JTF17A-20  engine  Installation  mockup  for  j...e  Boeing  Company  is 
still  awaiting  further  definition  from  Boeing.  The  estimated  delivery 
date  for  the  mockup  is  now  26  July  1966. 

Kockupa  demonstrating  the  control  "quick-diaconnect"  concept  were 
received  from  Bendix  Products  Aerospace  Division  and  Hamilton  Standard, 
and  are  discu  sed  in  f uragraph  III-H. 
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N.  COORDINATION 
].  General 

Revised  JTF17A-20  Engine  Specification  2681B  (Boeing)  and  2682B 
(Lockheed),  dated  15  March  i966,  were  transmicted  to  Boeing,  Lockheed, 
and  other  authorized  recipients  during  this  report  period.  The  revision 
Included  performance  deck  changes,  minor  changes  to  Lockheed  specification 
weight,  and  an  engine  operating  envelope  change  for  Lockheed. 

FRDG  fuels  group  personnel  visited  Boeing,  Lockheed,  aviation  jt 
fuel  suppliers,  and  major  airlines  to  discuss  the  proposed  SST  fuel 
requirements.  P&WA  personnel  made  a  presentation  before  the  SST  Fuels 
Industry  Advisory  Committee  Meeting  at  FAA  Headquarters,  Washington,  D.C., 
20  and  21  April. 

Boiing  SST  Program  Engineering  and  Research  personnel  visited  FRDC 
29  March  to  discuss  current  tubing  technology  and  P&WA  experience  with 
mechanical  plumbing  connectors. 

Mr.  F.  Howard  of  SST  Propulsion  Branch,  visited  FRDC  31  March  and 
1  April  for  JTF17A-20  engine  program  discussions. 

On  12  April,  Mr.  P.  N.  Torell,  Chief  Engineer,  FRDC,  Mr.  G.  A.  Titcomb, 
SST  Program  Manager,  and  other  staff  personnel  briefed  FAA  Headquarters 
personnel  on  the  JTF17A-20  engine  design  details,  development  program, 
growth  studies,  and  latest  noise  attenuation  studies. 

Boeing  SST  program  personnel  headed  by  Mr.  H.  W.  Wlthington,  Director 
of  Engineering,  and  Mr.  F.  A.  Maxam,  Chief  Engineer,  visited  FRDC  on 
14  and  15  April  and  were  briefed  on  .158  engine;  the  SST  program  and 
.TTF17A-20  engine  were  also  discussed. 

Personnel  from  Booz-Allun  Applied  Research,  Inc.,  and  Research  An-alysis 
Corporation  visited  FRDC  on  18  April  to  obLaiu  necessary  information 
required  for  their  FAA  subcontracts  on  SST  economics. 

Delta  and  National  Airlines  personnel  visited  FRDC  on  19  and  20  April 
for  general  JTF17A-2U  engine  and  SST  program  discussions. 
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Mr.  Harold  Luskin,  Lockheed  California  Company  Assistant  Program 
Manager  for  Propulsion  and  Mr.  Charles  Kammann,  SST  Program  Contracts, 
visited  FRDC  on  20  April  to  discuss  engine /airframe  interface  activities 
for  the  Phase  III  proposal;  they  also  received  a  general  JTF17A-20  engine 
briefing. 

After  SST  Fuels  Industry  Advisory  Committee  Meeting,  Boeing  fuels 
engineer,  Mr.  G.  Hays,  and  Mr.  E.  Petesch,  Chief,  Mechanical  Equipment 
Staff,  visited  FRDC  on  22  April,  for  follow-on  fuels  discussions  and 
general  familiarization  with  JTF17A-20  engine  program. 

FRDC  continued  to  exchange  comments  with  Boeing  and  Lockheed  on 
analytical  methods  for  calculating  .JTF17A-20  noise  data.  JTF17A-20 
design  information  on  the  fan  duct  system  was  provided  to  Boeing  for 
their  study  of  a  simulated  duct  noise  test  rig. 

General  J.  Maxwell  and  Dr.  R.  Blisphlnghof f  of  the  FAA  visited  FRDC 
on  21  April  for  SST  program  discussion--- . 

2.  JTF17A-20  (B)  Engine 

Installation  coordination  activity  continued  during  this  report 
period.  The  more  significant  installation  items  covered  were: 

1.  Additional  preliminary  engine  neat  rejection  estimates  based  on 
the  latest  Boeing  estimated  fuel  temperature  profile  for 

a  typical  mission  v-ere  transmitted  to  Boeing. 

2.  Ihe  Boeing  preliminary  engine  ground  handling  concept  was 
reviewed  and  is  considered  acceptable. 

3.  FRDC  submitted  a  preliminary  engine  electrical  installation 
drawing,  which  represented  our  response  to  a  review  of  the 
Boeing  wiring  diagram  depicting  engine-supplied  electrical 
items,  connection  interfaces  and  wiring  requirements. 

4.  Boeing  approved  FRDC  proposed  location  of  the  main  and 
duct  heater  Igniuers  to  the  lower  quadrants  of  the  engine 
to  improve  the  removal  envelopment. 
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5.  Activity  on  the  Boeing  mockup  engine  is  currently  at  a 

very  lo-w  level  as  a  result  of  a  further  delay  in  definition 
of  the  Boeing  configuration. 

Boeing  has  indicated  primary  interest  in  the  JTF17A-21  study  engine. 
We  are  currently  studying  their  requirements. 

The  Boeing  Inlet-Engine  Compatibility  Test  Plan  was  reviewed  by  FRDC. 
Comments  and  necessary  changes  to  arrive  at  a  currently  acceptahle 
coordinated  plan  have  been  forwarded  to  Boeing  during  this  report  period. 
These  changes  will  require  revising  the  test  plan  already  submitted. 

Secondary  airflow  systems  were  reviewed  and  our  recommendations  were 
transmitted  to  Boeing.  The  ducting/control  valves  system  utilizing  air 
from  the  engine  inlet  periphery  was  recommended  at  this  time.  However, 
a  more  detailed  analysis  is  being  prepared  for  transmittal  to  Boeing. 

3.  JTF17A-20  (L)  Engine 

Lockheed  has  advised  that  they  desire  an  accelerated  program  of 
inlet/engine  compatibility  testa  using  early  boilerplate  hardware. 
Meetings  were  scheduled  at  Tullahoma  for  27  April  with  botJi  AEDC  and 
Lockheed  personnel  for  test  program  discussion.  The  Lockheed  group 
visited  FRDC  prior  to  these  meetings, 

Coordination  is  continuing  with  respect  to  Locldiocd's  request  for  tlic 
increased  performance  (JTF17A-21L)  study  e.nglne,  Pcrfoi-mnnce  decks  in 
both  IBM  360  and  7090  form  were  requested  by  1  May,  in  addition  to  a 
new  engine  model  sped  flea  t  ion . 

Lockheed  Is  continuing  to  study  relocation  of  the  engine  on  tlie  v/lng. 
A  feasibility  study  drawing  of  an  elliptical  reverser-suppres.sor  dcBigiied 
to  eliminate  or  minliiilze  problems  nssoclaced  v/l!;h  lowering  the  engine 
relative  to  the  wing  was  forwarded  to  LCC  for  use  In  tin  ir  review. 

Lockheed  li.as  vorbaliy  inlurnivd  us  th-i  t  they  now  IntBri'i  to  iriji'  uii 
electrical  |)owQr  lever  conrrnl  system;  tliey  nre  now  studying  two  or  '.1^00 
possible  syratems.  Upon  comp  le  t  loii  oi  their  studi"S.  I.in,Klinc,l  will  Biitimlt 
forriiii  1  piuposala  lor  our  revii-w  .iiid  eotniiient.  We  <><'••  now  supplying  (huni 
in  Iiirri.'i  t  lo;i  tn  pnaLlr-  l  Iusm  to  Lumplete  llio.Si.’  :♦  tiid  li'ii  , 
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0.  MAINTAINABILITY 

1.  Design  Review 

Tradeoff  design  aralyses,  directed  toward  further  Improvement  ol 
the  malntalnabi I ILy  of  the  JTF17A-20,  are  in  process  in  Che  following 
areas . 

1.  A  study  oi  (. ommcrc ia  1  ovorliniil  and  maintenance  errors  for 
period  of  operation  1  January  1962  tlirough  J)  January  1966 
is  being  made  to  determine  englna  areas  where  art  ora  could 

be  '■liminaiod  by  incorporation  of  fooiproofing  fearutea,  wlilcli 
would  reduce  m^'lntenancc  title  for  reopcratlon  and  tiio  level  of 
ra^iilved  n>  * ui ; uaece  ekilla, 

2.  A  denfgti  of  ihp  fnn  rotor  ts  being  evftlucLed  tlmt  rnakas  the 
l»c-atagft  f«(i  disk  an  liifa,>rfll  pact  of  tlio  £«n  hub,  thui 
eliminating  the  long  tleholci  «od  ril.sk  liolofl. 

i; i  iinirin L  ion  oi  tlnii  (U»K  hole*  will  lrti[  rove  the  d’irabll  lty 
of  the  fan  tisaem'bly  by  remcvlng  the  possibility  of  wear 
of  tli«  boltft  .iind  bolt  bolus  u*  wrli  as  fact  1  Itac Ittg  fn» 
Htallotioii  (Ukt.  .emuval  \i('  the  HBScmbly, 

3.  A  review  is  bvloK  mndn  t>i  rbs  k'f^'yimnf.nd.'Jt  I'ins  mads  by 
Trnns  ,  Wor  1(1  /virilnyu  in  Lht'-c  r.'7pori  ''S’lT  O^aign  Goals  and 
Guide  bines  lot  foyiei'  I’lrtci.  Ha intcmance , "  A  comprtt  linn  Kl' 
these  re' o,-„,aridal  ions  vu»  «w?  ii.s  '  ntalnflbfl  1  ty  lfflfltur«0  of 
tin  JTF'r/A-20  engine  will  injitatt'  '.’lO  tattfini  of  tho  ?iWA 
siu intefifiiicfi  coii-eni  with  sp-eclil.a  airltiip  phi lo^i'iphy . 

/j ,  dfs  I  'T  .stndii's  are  fo.-lng  inadi,  un  tho  sjil  1  ;  jhter- 

iiiedlals  rsBtj  (  ofi  f  I  gurtU  I  on  li>  deriH'irilne  feaiS  ►Ijli  1  cy  of  dlso 
cunnettinH  pi  war  teUeofl  /ind  neceuMory  drive  il  cfta  for 
iumovJil  o  i  tilt*  bn,  !  ioitrli.g  flDfll  I  .0  Inlul 

j  .  An  annlysi'.  i  b  i  *1  pro-caa  to  uataiilfeh  till  oi  t'le  iiiii  (n  to  in  *■ 
aljlllLy  ie.il, ir.'s  letpllritrl  v,’ I  L  h  thi!  tugipe  IliSlillleil  In  (lie 
.1  I  i i  u  1  1  ,  I  f  ,1 1  11 1  I  T  1 1!.  .  r  11'  .|  «  I  e.J  till  i  r.  I  I  o  i  l  ii  1  r  1  I  nee  , 
a  1  t  f  r.'iiiii- ,  .inJ  I)  ■  Id  mMyito  iu'|iieoLs. 
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6,  Additional  cliip  detector  provisions  arc  hetna  reviewed. 

Loc'fi  t  Ions  of  nddttloiial  provisioilfl  will  bo  iU  the  main  oil 
pump  and  No.  1  and  No.  2  con.p.ir tment  pomp,  Preaant  chip 
detector  provialono  arc  locaicd  at  the  uccesaory  drive  over¬ 
board  drain,  main  gearbox,  oil.  tank,  and  oil  pump  gcarbor, 

7.  Borescope  tnupcction  provlalons  for  the  2iid-8ija^e  turbine 
blades  are  being  incorpofft  tod ,  'fltla  would  complcta  tliu 
jnspoctlon  provisions  for  all  tu.rblne  stagg*. 

9,  Tiio  n«o  nl  bearingfl  Incorporating  antlrvtatlon  leatnrei 
thfoiiphoiit  the  engine  and  atcapBorln#  Is  being  evaluated. 

TViii  would  provide  added  Inouranne  against  l>aarlng  rare 
apUmlng,  e  1  l.mtiiata  bearing  race  ratainiriB  nucM  (with  their 
Ml  l.iindanc  blgh  ( <ii'r|ii«*  provislorifl) ,  and  allmlnoLo  s^’etlai 
Spanner  nui  wrunthi/.t , 

9.  An  (ilrllnft  ti'qKC'U  lo  icnsuvr  the  oil  preaaurs  rngulntlni} 
valve  from  (tin  «iik1i\p  oil  tyatf-m  ba^  ptaeipi latad  review 
e»f  tlifl  ad vanlap.pii  and  dlnaJvantugcs  of  tliv  pmisure  reg- 
uJatliik!  valve  in  Lhr  oil  ityatum.. 

10.  rtn!i  acifl lysis  oi  walght  tradooff  veraun  mimboi'  tji  bolts  In 

2  giver.  fliiiigH  ii«(»  linen  cofit iniHii}  to  dBiorwiriB  the  porcaniagv 
saving  In  inrtif  hoiif tt  lot  u  glv«n  (‘nmpoc.ciU,  camnviil  ci/iiiparrd  (o 
a  riisultliig  Weight,  Incrpase,  The  rsBuliu  will  !■«  lepoiiuij  In 
a  Iflter  I  'lpuri . 
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P.  VALUK  liNGINEliRING’ 

Value  En^;! ni?criii j/  ptopoflalH  fur  cowt  reducfioii  clianijae  being  analyzed 
for  incorporation  in  the  engine  cleHlgn  have  reached  a  total  of  .978,000 
per  engine. 

Rgoc  i|,  uiiglae  (leHign  ciiangcf!  involving  coni;  reduction  inclucle: 

Redeoigiied  IiJ.kIi  conipten/tor  roinr  9]'J,80() 

Redesigned  burner  (nlnl  fairing  -  9  2^000 

Sliortuned  duet  '.lenier  >  9  fi ,  000 

Cost  L’(,iihpar Inori/i  made  to  iiupiiurt  (lealgn  dmlHlona  have  Intevi  completed 
on ! 

Mttin  hornier  dunigi.  iIiuiiK''M 
Compfcaiior  ahroud  ilea  I  go 
CumpriiHtiur  chord  i.|iiiiCG 

'fyplcfil  Vnlue  ling! neorliiH  proponaJa  I'Oinpivtpd  during  lliJa  period 
ai"-  «lic>wn  in  tigurc  ll'l't'-l  and  .lli“l‘-2. 
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VJIIIE  ENSIKEESING  PHBfOSAt  H  «  » 

Pfopoeed  b,v _ nrp.imLt.  Eiiginocrina _ _  „  Date  _ 

Part  No.  iv-jrne  _ _ _ _ _ _ _ _ 

Pi’imuiv  !*''uncti6n  n>' •  a ip  ip  nm.r  ^  _  _ 

Sec'onfini'y  Punction  _ _ _ _  _  _ 

KnvirohiTKint  _  _ _  _ -  _ 


A  i’Oftt/PflI't  Sfi.lOII 


A  (  -  oil  ( /1j  II  i  i  Itf  1(,U(JU 


Htrurturea  Heiil  'rraiihfer  f'ei  iorinniK  o 

Vitirutiuiifi  Fluid  Plim  WeiK'/iin 
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Q.  CONFIGURATION  MANAGEMENT 

Coordination  lias  continued  on  those  items  that  cannot  Li  shown  on 
the  installation  drawings  or  mockups  until  definition  has  bean  agreed 
upon  by  P&WA  and  the  air  frame  contractors.  The  JTF17A-20  engin-' 
installation  mockup  at  Lc-ckheed  Cali.ornia  Company  is  static  pending 
completion  of  the  airfrair  ■  mockup  to  a  point  wliere  the  engine  can  be 
rnoiintetl.  The  JTF17A-20  engine  Installatinn  mockup  for  Tlio  Boeing 
Comp.iny  is  still  delayed  pending  further  delinlilon  from  Boeing.  Tlie 
estimated  delivery  date  is  now  26  July  1966.  Tin?  effort  on  the  engi¬ 
neering  mockup  is  dlscuaflcd  in  paragraph  Ill-M.  Table  11I-Q-]  shows 
! he  atauuB  oi  the  engine  con f igura t ion . 

Table  Ill-Q-l.  Status  of  Alrframe/Etiginc  Cooml  tns t  Ion 

Airframe  Item  Statun 

Contrac  tor 


TBC 


ihc 


l.CC 


TBC 

IX.C  o  TKi; 


i.ip'inc  M'sint 


Ctoiiirl  hiUidllng 


itoiiirol  inputs 


(ontroi  InpiitB 


F  1 II'  ine  t  eru 


Riii'ing  lias  I'ossibU'  uacelU- 
shape  pemling  con  f  igu  ra  L 1  on 
declslun  and  mounting  con- 
<  epi  with  Lite  inlul  supporL- 
cd  separate  from  the  engine. 
FM7A  .studying  while  swalLiiig 
bettor  dorinitlon  and  con- 
flgurction  dcci  '.on. 

FAWA  ailvised  Boeing  thn*  tlie 
•SChernB  .submitted  by  '.hern  is 
less  1 b  lo , 

l-Lid  1  .s  nov.'  plaitnlng  tr  uso 
on  plecLi'ical  power  lever, 

They  are  suudylng  several 
sc|ieiML-8  which  Mibv  wl)  1  sab- 
iti  I L  1. 11  I’AWA  , 

Awaiting  deiiniiion  from 
Uoe Ing , 

F^yWA  has  received  no  loinincri t 
f' out  pliliiu  .ili'fiaitte  e  on  1 1  a  c  L  o  f 
concerning  the  flowmeter 
f'.sperlenLe  and  rec ommondfi  t  Ions 
I  hat  were  ,s  obin  I  c  t  ed  ,  I’AWA  Is 
t,  t  nd  y  I  ng  I  hi-  !  Ill  It  r  po  r  a  I- 1  on  ol 
noe'ing'a  mass  flowmeter  ■  on - 
f  t  gni  u i  Lon . 
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Tc.ble  Status  of  Air frame/Englne  Coordination  (Continued) 


Airframe 

Contractor 


LCC  &  TBC 


Overboard  drains 


Fuel  supply  St 
return 

Labyrinth  seal 
vents 


Status 


P&WA  la  awaiting  comment  from 
Boeing  concerning  the  attach¬ 
ment  configuration. 

Awaiting  definition, 


Secondnry  air 


Component 

Arrangement 


ICC  &  TBC  Labyrinth  seal  Vent  conf igiiratlon  and  loca- 

venta  tions  are  being  established 

by  P&WA  design. 

TBC  Secondnry  air  P£<VM  recommended  continuation 

of  the  ducted  system  with  air 
from  the  engine  inlet  periphery. 
P&WA  Is  preparing  for  transmittal  a 
comparative  analysis  of  sources 
for  secondary  air. 

TBC  Component  P&WA  is  continuing  design  work 

Arrangement  to  establish  an  external  com¬ 

ponent  arrangement  to  satisfy 
Boeing's  deal  re  that  all  major 
fuel  lines  and  components  be 
1  foot  above  the  bottom  of  the 
mount  rings. 

At  the  reciuest  of  the  Lockheed  California  Company,  Pratt  &  Wliltney 
Aircraft  lias  provided  data  on  several  Improved  versions  of  the  .JTF17 
engine  for  their  analysis  and  aircraft  atudlea.  As  tlio  result  of  their 
studies,  Loclcheed  has  chiifleii  one  of  these  vernlons  as  tlu*  best  configuration 
of  our  engine  and  has  requested  that  wc  prepare  a  preliminary  specif Icat inn 
for  the  study  engine  selected.  This  engine  has  been  designated  Ihe 
JTF17A-21L,  and  a  copy  of  tli#  Preliminary  Engine  Spec  1  fit  it.  ton  llo . 
dated  April  PV,  1966,  for  this  engine  waw  laHued. 
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R.  QUALITY  ASSURANCE 

The  inspection  aids  including  Quality  Assurance  Data  Sheets  (QADS) , 
Inspection  Method  Sheets  (IMS),  and  special  gages  arc  current,  requiring 
changes  only  in  response  to  recent  experimental  changes.  Inspection  of 
parts  for  the  second  experimental  engine  {FX~162)  has  been  completed. 
Preliminary  Quality  Assurance  planning  for  Phase  III  has  been  started. 
Quality  Assurance  schedule  milestones  for  Phase  II~C  are  shown  in 
figure  III-R-1. 
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S.  RELIABILITY  AND  SAFEri 

l.  JTFiyA-ZO  Mathematical  Model 

A  mathematical  reliability  apportionment  model  is  used  to  identify 
functional  interdependencies  between  engine  components  so  that  the  effects 
of  a  functional  failure  may  be  traced  through  the  engine.  A  failure 
mode  and  effect  analysis  (EMEA)  is  conducted  for  each  "block”  in  the 

m. -,thentatical  model.  Both  the  mathematical  model  and  the  ETIEA  are  being 
extended  to  subassembly  and  part  levels;  however,  as  we  progress  down¬ 
ward  through  the  mathematical  pyramid  from  the  overall  reliability  es¬ 
timate  the  successive  partitions  of  the  reliability  estimates  have  less 
and  less  precision.  Tlnerefore,  reliability  estimates  will  not  be  made 
below  the  level  of  components  except  in  a  relative  sense  to  compare 
one  design  to  another. 

Separate  models  trace  failure  effects  resulting  in  premature  engine 
removal  and  inflight  sluitdown.  Predicted  failure  rates  per  1000  hours 
for  each  engine  section  are  noteil  on  the  diagrams. 

For  the  engine  to  operate  In  all  modes,  all  subsystems  on  the  top 
horizontal  line  must  function.  For  one  of  these  subsystems  to  operate 
in  all  modes  the  components  connected  to  it  by  a  vertical  line  must  all 
operate.  The  failure  of  one  or  more  components  may  limit  the  sub,' '•.  < 
capabilities  and  require  an  Inflight  .shutdown,  The  failure  of  one  or 
more  components  vjlll  require  unscheduled  maintenance  and  may  require  a 
premature  engine  removal. 

The  mathematical  model  is  .sliown  in  figures  lll-S-l  through  llI-S-13. 

2.  Fire  Hazard  Analysis 
(a)  General 

The  JTI''l/A-20  engine  la  designed  to  operate  at  engine  inlet  tem- 
pcraLurei;  up  lo  520'‘F  at  sl.eaily  state  (600"F  cranslent),  as  opposed  to 
120'’F  for  present  commercial  aubaoiilc  engines.  This  analy.sls,  which 
considers  the  po8.sibl.llty  of  ignition  by  spontaneous  combustion,  by  high 
energy  Sj.'arko,  and  by  engine  case  burnthrougbs ,  shows  thfit  tlie  likelihood 
of  nacelle  flrcM  in  the  JTF17A-20  is  less  probable  tlian  In  fiubt.oufc 
a  1  rp  If. ne  9  . 
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Although  engine  inlet  temperatures  are  higher  for  the  JTF17A-20  engine, 
the  maximum  engine  case  temperatures,  as  shown  in  figure  HI-S-14,  are  no 
higher  than  for  the  JT3C-7  engine  presently  in  service  in  the  Boeing  720 
airplanes . 

The  comparable  cruise  conditions  as  shown  in  figure  IlI-S-14  are 
.35,000  feet  at  Mach  0.8  for  the  JT3C-7,  and  55,000  feet  at  Mach  2.7  for 
the  JTF17A-20B  (lowest  altitude  for  supersonic  cruise).  At  the  respective 
cruise  caiditions,  the  maximum  external  case  temperatures  are  1050°F  for 
the  JT3C-7  and  850°F  for  the  oTF17A-20.  The  JTF17A-20  maximum  case  tem¬ 
peratures  are  lower  than  those  tor  che  Jx3C-7  because  of  the  cooler  fan 
air  enveloping  the  gas  generator. 

A  review  of  all  P&WA  engine  experience  in  commercial  service  has 
shown  no  instances  of  external,  engine - caus ed ,  nacelle  fires. 

(b)  Engine  Case  Burnthrough 

A  review  of  engj.ie  case  burnthrough  experience  shows  fifty-two  (52) 
instances  of  engine  burnthroughs  (of  which  < pproximately  1/3  caused 
nacelle  burnthroughs)  during  27  million  hours  of  operation.  These  are 
tabulated  in  table  lII-S-1,  page  III-S-3.  Engine  burnthroughs  were 
confined  to  two  causes  in  the  engine. 

The  first  cause  was  burner  can  disengagement  from  the  fuel  nozzle 
cluster  resulting  In  burnthrough  of  the  outer  combustion  duct.  The 
JT3-JT3C-7  burner  can  design  is  shown  in  figure  III-S-15.  In  this  design 
the  burner  can  is  restrained  from  moving  axially  by  lugs  at  the  front 
end  of  the  can  and  is  restrained  fro.m  moving  radially  at  ths  rear  end  of 
the  can  by  band  clamps  attaching  the  can  to  the  transition  duct.  If  the 
band  clamp  fails,  the  burner  can  becomes  disengaged  from  the  fuel  nozzle 
cluster,  thus  causing  burnthroughs  of  the  outer  case.  The  SST  annular 
burner  design,  as  shown  in  figure  III-S-16,  allows  thi  installation  of  the 
fuel  nozzles  after  the  burner  is  Installed  in  the  trarsitlon  duct,  thus 
eliminating  the  need  for  a  clamp.  The  front  end  of  th  annular  combustor 
is  retained  (to  the  diffuser  case)  by  12  radial  pins  oi  which  six  are 
redundant,  which  means  that  any  six  of  these  pins  can  fail  without 
•affecting  the  axial  position  of  toe  burner,  thus  precluding  disengagement 
from  the  fuel  nozzles. 
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Tile  second  area  causing  burnthrough  Involved  failures  in  the  tubing 
between  fuel  nczrle  houfllnge,  which  nre  exposed  l.o  gas  patli,  aerodynamic, 
and  vibratory  loads.  Some  load  Is  al  ao  imposed  by  tlie  Ijurner  can  that 
is  supported  by  the  fuel  nozzle  body.  In  the  cane  of  the  JT8D  the 
thrce*piecQ  fua'i  nozzle  support  coniiguration  regulted  In  seal  leakage 
at  two  parting  surfares  with  consequent  burntliroughs ,  (Rotar  to  fig¬ 
ure  III-S-l?,)  Tills  problem  v/as  readily  corrected  by  «  deal  change. 

Table  Ill-S-1,  Commercial  Engine  Case  Burnth roughn  Prom 
btart  of  Operation  Tlirough  June,  1965 

Total  Operating  llourn  •  27,974,064 

Total  riurntiirougiiB  -  .52 

Reliability  Factors  -  0.00)86  Pa 'lures 
I’ai  1000  liuurs 
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Tlie  JTF17A-20  engine  han  each  nozzle,  for  the  main  coinbuitor  and 
the  Zone  1  of  tho  duct  lieater,  iustalleil  in  a  une-picce  noetle  holder 
and  dnas  not  support  tlie  annular  burner ,  This  oliiiiinatas  any  parting 
face  seals  that  are  potential  leak  points  inoida  the  onglne  and  remove* 
ipndi)  wilicli  might  otharwisc  bu  liiipofied  on  tbu  nwzzlo, 

More  recently,  hot  not  IncliKled  t*i  the  time  poriod  ehown  in  table  111-8*1, 
tliere  lias  been  a  burnthrough  due  to  burner  can  zagment  separation  In  tiiu 
overlap  seam  welds.  Beam  welds  have  buiit  ■  Littaij  conrBntrar tone  and 
are  triore  suscoptlble  to  cracking.  This  pr  ilem  is  alan  oggriviited  by 
burner  can  ereseovar  tubes  and  tangency  ho  apoiu.  Tlie  JTPi7A*20  engine 
has  an  annular,  high  refereiun  velocity  buir.vi'  that  el  IiiiIuhi  ea  tli  la  bal  spot, 
problerii.  The  buri.er  ennstruction  does  noi,  use  itam  v/r.ldB, 

Tlia  duct  heater  combu stiir  l«  Hlmilar  In  dualgu  ru  the  primnrv  >  unw 
bustor,  Eight  radial  pins,  four  of  wlilch  are  redundant,  prscluila  dls. 
angagemon  r,  from  tha  nozzlr'a;  therefore,  the  sain.j  aunlysis  is  appl  t  I’.lil  k  , 

't  liUa  also  beet(  del  m  i  m  luc'l  llinl  If  the  duel  tioarut  Zone  ti  liiiiiiii.il 
fuel  injFiii'Jt  iiiitnliold  alioold  nipLute,  the  mixture  is  too  f  lili  loi.aliy 
l;o  support  comiuis  (■  I  oil  no  lluil  nu  IjOit  spot  lu  Licutad  nnd  no  diiiiju^iH  pt.Nnllii. 
Tills  lina  liuon  exi'i' i  I  mu'ii  i  u  I  I  v  i  .m  I  1  riivd  by  ?i';i'i.!i  ii'iit  on  ili"  d.i.  '  I.,..!,  i  >  )  t;  . 
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(c)  fllpa'i  lyntl  lon  Soiirtcft 

T(j  iHiUlb  n  ;uij|-<iir  iiil/.liirn  ;it  I  ptnppfaLtifiis  below  Lite  §  |iunLPiiP''iiii 
IgriULon  tcmpot  atur e ,  e  vei  y  Itlah  eneijiy  Ijjnltlon  spurts  mimL  be  providrJ. 
'fiia  (tnly  cnjjlno-luppl ied  eUttrltal  gystoni  that  fliji  thU  (leBcflpt Ion 
is  Cl.d  dufl I  -  igiil Le l'  sysLunii 

Service  expur  1 1'n'g  Inflltatuu  Liiai  inilurefl  of  tguicipii  systtinuj  pave 
not  cnitaed  archig  nr  cKtefnal  spArbittg,  'flis  re  tsons  lor  fcitls  sKCBllftnl 
retnifl  afs  (1)  (iropef  r'lleldlng  of  ,|  ,,j  ^  t|io  ltg(;t.g9  l,l.y  lur  h 

eloBc  gap  ts  ground  Lo  otlst  cu  iMoiutr  i  Ar.,ijul  tsiRC  I'Bsijltii 

of  fflLjulrfltl  gap  vnrpua  yinlHetiL  pra  tu.  ,  as  l  mwii  Itt  figure 
anew  that  a  gap  of  fntre  tniiii  ().  ObO  Intii  will  uol  reeutr  In  aparking  ar 
any  praseuit  level.  Teats  were  mada  uh  liig  liie  propoBfd  J'i'l'i7A»20  IgnlClon 
•yatem. 

Eased  on  preaent  tomjnareial  agpsrlet.te,  fire  liaRerda  with  rsapeCt 
to  Inndvurtoiii  arcing  of  Pnglne-soppl  (sd  nleclrleal  t  iyculuy  In  fbe 
SST  eng  I  lie  are  Ia4«  Ilian  wiili  tliu  preeent  tciiajiinrt:  1h1  BiigltieS  jiaiaiifr' 
caae  Lempsratuies  arc.  no  ntgliei  and  vetuiifllas  are  grantar. 

(d)  Kiigine  Natellii  I' 1 1  a  i|ay,ardn  /.•  a  Eooft  lnn  fi/  IMumhlng  Integrity 

Ali'Hlier  piiBsllile  siiiirce  fur  MAtol le>ui*gfna  ffl’PI  fl  Isiks  af  ptinnbing 
lolnta  or  liroUen  Itnnu.  TliaiF  baye  been  no  flfgs  In  TWlA 
anElne  agporlfliire  a t  t rtbu L abl e  to  fue!  leal'Si  In  •liJI  tlnn,  flier#  have 
bosii  only  rare  In.iLanceH  of  fuel  failurusi 

Durlriy  daveiopmant  of  tlie  .I5fi  ang^re  for  suBlalned  lituli  superaorili 
ope  af  Uiri,  /  major  iIp'.'b I opmpnt  effort  waa  eHpsiulii  I  uii  liiipi  oved  |iliiitii) ing 
cannsobign^  and  es  tab  I  Islilng  mere  elabutaie  and  ssarU'ng  daalgn  triieiia 
for  phiniblng  and  [iluinlilng  suppmie,  lii  im  u  im  I  r.iti  iiie  overall  plumb  lug 
design  t '.me  and  Introane  englito  t  el  fab 1 1 1 1  y ,  tmnpuinr  prugrarni  Incgr^ 
peratlng  tlinso  design  rrtiorla  for  cubing  wets  duvelopud,  The  tomputsr 
progfani  p'livldus  a  OiMck  rtiiil  at  uratB  ini  ariM  i..  mr.-.s  f.'it  (be  best 

conipr  ofii  1  s  p  of  li'tigth,  wBiglit,  iiiiil  f  ItiW  III  j  I  I  r  y  III  iiiit!|i  nirti  I...  £itrp.asrii 
low  null  u  ilforiii.  lliB  1  iiii|iii!i-i  }.>|.  (irtsii!  rsltiiluLiia  ;  lip  el  I  call  el  any  poll)’ 

1  !l  L  li M  I  I.  bt  W  f  i  ll  .'Hi  ;  <  I  i.  II  1  I  I’ if  i  ■  .Mill  t  1 1 cj  1  I  i  ii l  i  ■  I  !i  u  |i  J.. .  ;  I  |i. .  I  1 1 1  c  I  1  M  I  a  ; 
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vfllculatei  the  rnlativii  iDkpIdi^itnniiL  of  Ihft  iiihp  lo  tlie  brscWpC  attaclimpni 
to  |)B  I  III  1 1  Ihp  hrrt'li.Pi  III  lio  |irii|ini  I  V  (Ipa  in  pi,i  iitturtniJaLe  lliarmiil 

y;4|>ahklnit  1  11  a  d  1 1  PC I.  1 'Hi  to  i/ilnlml ir.ti  ii I  i  nautili  i  f'tupd  braL'kaiR  8fP 
poii  1 1;  fone'l  at  ijiiLdIs  wIippp  mo  mnVBnipiit  due  to  tht'imiil  jjfowtii  In  teijul  t  Pi! 

Ly  eltiiifiiaie  reaprisnl  vllTfiii  Inp.a. 

Tlli#  deVo  I  opinpnL  eit|»ei  teiice  rttid  dc*  t^M  teolmjijut  ll  bBlng  iiknd  In 
till  JTltl'/ A»2ti  •!osi;*ii,  Mii'l  hIII  pniiirc  ral)4b|p  |ili‘.inli  I  ng  ■ 

At  tun  I  oKjicirloiicB  "n  Lho  ,131)  Bnglijp  InsLa  1 )  ntien  hea  aliot^n  tltai 
tllrio  furl  tBflka  Mini  four  nil  lertkn  llaVP  ‘VCI  Irfffd  m  hljili  Hflcll  hilliberB  , 
4nd  nil  fIfUB  rotiillBit  \pVPii  '.hiiogli  cage  Letlipe  raL'll  eg  ora  g  Igli  1 1  ti'fliil  ty 
bfghfr),  TIilg  BKppr  1  ptii’.p  Btiiig tfiu 1 14 1  eg  LIib  inliargipry  daca  Ltiat 
eglnoitlen,  etay  i  imua  ,  uud  eottine  tnoo  tamp^rrtCii)-eB  will  not  pBrniit 
fipunl  OlhciJUB  I  go  II  inn, 

During  ti  e  liiittB)  J3li  eiiglna  davelspmani  ,  coffiplataly  liraged  I'lumbliiu 
tonrietiilM/ig  ver«  uaed  nnii  were  eriiirely  un*.t(  I  a  tni  inry  i  '(lie  iMo'.ilein 
with  theea  cuimat t  luti*  wag  iinnnitt  form  brrtgn  rovrrgyB  in  (  lie  loiuig,  In 
addlllon  to  thlg,  'tin  nccegg |  li j  1 1 1  y  end  nw I ni ennio  e ,  ai,il  liverliinl  tliiuig 
ware  (maccopfalil  e  I 

Hectian tciit  Juliitg  wl  bli  totiltdl  malel  aenlg  ware  a  V4gt  Improvetnaiii  , 
dOWeyflr,  ieahjge  prshluuis  wui  *.  il  ill  <iv>iiuii.i.  inriiowii  rnp  hfaEB'J  I'ei'fUie, 
Tlio  lairtif  ilggign  foi  |iluin|tiiia  ueea  an  iiituttiai  rertulB  and  tnho  con- 
li|iiratton  Unit  eliiMMiniea  all  lirailng  m  welding  in  the  |i|iiiiib  tup  , 

fly  usinQ  IntJJgrfll  flfLlnija  tliai  have  )>rovau  tonal  ;  oit'y  rellalilpi 
iumI  by  tlt«  proper  pool  iny  aiid  tfreiibel  Ing  of  plinulilnu  bieml  on  acroirr 
provsH  dnalyii  tritBriai  tho  poaalbl  1 1 1  tea  ol'  lauliugB  iin  the 
eiiylne  diio  In  fB'lure  nf  ge/ils  or  (•101111111,1!  I  ii  ;icg!  I  p, i  bl  n  . 

(rt)  Pirn  lOiilflld  'me  I'l  Siipe.sonii.  (jpamLIori 

Afth'iURii  the  aarv'li’p  rcoiord  te  oni  iil  isint  ,  !)  j.-jUf.  ,iiii,.ii,!  ,!i=vi,  i.,| 

ainiliiauBont)  iunl  tion  ot  tile  ceaultlng  fnel-eii  itiii'lwiDa  la  iini  |i!igi<n‘ic, 

evflll  diit  I  n|  ■ujiuraiihlc  pjig  r  o  I  I  oil  i  “(iiJil  ilnetiiin  tgnl'  Imi  lit  a  Inin  I  inn 
of  rMlcetlr  sir  vt'l'HUy,  pieagOiH,  (tiid  I  i?iiii'ei  oil  ni  u  t«|iui  i  uihi.i  n  I  O.iiii 

liMiyu  been  |i|ejie>ni|  |iy  I'ullliiii  nf  I  lip  piliieli  Ipj  t  liiiiiii  OMa  juihjini 

Kg  t  e  111  )  Kiime  I  it.  anL"Winj||  |  lie  r  ti'(il  I  lOjn  • a  ■  i  li'*'  in  i  [ion'  uncoil.i  1  an  ! loo 

'  (j  I  S  IIS  a  i  C  I  Hint  t2  I  li '  1?  o  ii'1  1 1 1  c  y  g  n  )  |,  no  ,,  h  ,  u  i  i  , ,  I  i  ^  i  i  i  ‘  I  '  j  0 
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(f)  Hnut  1  1g -Rngi (le  (iiivlly 

llpL^ime  (,hn  ,irl'l/A*/0  unglrip  I  ompe  ra  Lui'oS  aie  iio  limn 

pl'anfitil  comino  rc  )  fl  i  Molianiit/-  atigliieu  «K  Aiiy  ffifiilltiliM  (;f  flight  ,  nri  I  y 
tlip  super'ttjii It  fllgliL  rugSffle,  where  tlie  en‘/ 1 f tinmen f fl I  ttjfflpera Eutps  flfe 
hlglict,  Ik  1  disred  ,  ilifep  [iiiiiila  wore  ijoiefiod  nl'ng  I'lir  f  i  I  gh  t  pAfli, 

AC  ohuwn  In  flgnf»  fll-S«20.  I'nlni;  A  Is  the  pnlnt  ft  1:  wlilch  flip  c/iSP  IPni* 
pefHt’ire  fi  I  tlin  rear  InOunI  c!(|ua1>)  the  .TTd07  ungirm  lawp  (  eiflpr  rrt  fii  fp  al 
flip  rfiffojip  iiulliig  I'liitlijii  I'.n  the  engine.  PninI  R  le  I  hn  in  1  n  I  in<  tin  iilfllnfle, 
n«slriu(Ti  Mucli  nittiiliet  L-nilse  (’uniHtltiii  fur  the  flH'f  engine,  nn'l  point  C  IS 
flio  maXllikiiri  tilfltillle,  maelmiir.  Math  luimbfef  nf'ilne  Ciiriil  M  Inli  , 

Point  A  wflH  Beierietl  lutause  above  llite  piiiiii;  Lb.e  aUT  enginp  Cdfie 
Icteperat'ire  inwreeses  ahtive  llio  .rr)C»7  Ctise  teirtpaPALiiro  At  the  etJi'treipiiiiiJlng 
locflflfin  on  the  orilitlio,  Point  h  WeS  Helai.taiJ  liocansa  It  ?apreueiil  s  tlie 
f'e«illnuiii  oatelle  Latiipet  e lute  flini  pressiiie  piitnt.  Point  b  wss  seletied 
bPLSMsii  ir  represencs  clip  maKlisuiti  nAtailo  tampsraLore  anit  minlmiini  pi'fiasote 
piiliil  anil  A  sllghlly  htHPei  <  asp  (  einpersi  hi  p  , 

Hie  gsUnleted  vsines  ui  erglne  fidpelln  cAvlty  pressures,  temperaliites , 
ainl  velni  iripq  r>ir  '  e  Ihiee  pohila  on  the  nmMttjiuip  Q  Side  ot  Lhs  ypernttiiK 
enveliipo  t*  i  a  bbowii  In  table  'lilts  t«b)e  show#  Ihel  tur  tli*  witisl 

I  aab  of  proAsiire,  lempp  FA  lore  and  velocity,  a  reliUnnue  ttiDe  uf  iSO  aagcinds 
1?  rpf]uifpd  ter  .i pnnrsneQUl  laiiltltiii, 

Hie  Slay  Linie  for  thd  given  fijel-stF  ifltMtufe  la  leas  than  Q.OtlU  of 
the  time  iet|utred  fur  epuntuiieout  Igultlun.  I'bli  ■ssomes  that  the  rnci> 
alt  lilL,Liirc  Is  at  gase  l  empera  Lore  •  Note  dial  f|)B  tablo  pfnMeiiLS  (wo 
iiUMLapts  ul  Piigl  Ilf '■riare  1 1  a  iteslgii;  (1)  a  prtSSUf  teeii  natalla  wtth 
ipiJunHary  alrtlgw  thfoiigli  t|i«  nsuelle;  anti  (2,1  u  iiOnpraiior  Isetl  con- 
F  lam  at  toll  ihat  has  a  Ini  I  I'lioail  In  1  lie  vlLlnltV  of  the  IbSi  engine  iiiiiuhl, 
wicli  the  area  uiiiiraein  ol  fho  bij|l<JiQati  ViilLpil  to  a  tmos  plierp  i 

jf  the  pie  P ‘i  ii  I  1  ee  li  iia'-vitp  iojicepi  Is  liaEii,  tjlB  t  es  I  (ieili  B  t  line  la 
moib  leas  than  Hi  file  uhuva  unal.ale,  Por  eHainple,  at  tile  Liolae 
t  loiii  1 1  ion  Clif  Slay  I  ime  Is  Olilli  of  dial  rf'(iitri'i|  for  j|iuntaiieunB 
I  g n I  I  l< i n 
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(k)  Duct  lluatMr  •  Gna  O^narntor  Cavity 

T<i(u[>fcra(.ti».'aB  in  Llm  ta'i  f'n/Ity  ortift,  gan  gfnprator  caae  and  tiu.*  fan 
tl)  cantt  Bi‘u  flhown  In  tlgyru  Jll-S-IA.  VelocltleB  fof  thii  area  are 
6hc»wii  On  (iiBiira  J.X't  ■■S-Jil  and  tahlu  Tills  area  Is  swept  by  Can 

(I  lachai'go  air  wi  th  a  inlnlmimi  vf  l<  city  at  aea  level  takaolC  of  160  Ipa. 

'nm  mOKUnuni  /an  tnmpeffttuiG  la  1,100"^  at  bsa  Ip.vqI  iiaUaeCfr  At  thl»j 

tomparntiirn  thi  irciulrtul  ttay  time  In  0.007  ancutul,  or  a  dlatarice  of 
l.i  Itat.  uiiut  bo  traveled  fi/.tor  tho  luol-alr  mixture  is  haatiid  to  ISPO"!'* 
tci  aporti'diioously  iBnlto.  Xt  L».  cotn.-huled  tliai,  by  tlio  tima  tlili  dlaitince 
U  trfiVrtlef),  th(!  lint  J.flytr  of  liiel-alr  inlHtui.e  will  have  baart  dlroeted 
Into  thu  tooling  lonvari  and  (ntn  the  eo/nbuttlon  zone  at  blia  diiet  Imauar. 

If  nhmild  be  n'>f;ed  tliAt  lii  oidov  for  n  fual-alr  mlxtura  to  epontenaoLia iy 
Ignttfl,  tho  tnJkturo  moat  i-p  a(  tins  rorpilmd  npontaneoua  Ignition  (Bmpoi'a tore 
t'er  a  tint  to  period  of  tlrno. 


Table  Ill.-d-  j,  ,JTl'l7A'70  Cavity  Rea  idem  e  Ttmu  Rounlred 
tor  flponfcaoaou*  Ignition  Vorsua 
AntlclpAted  Raeidence 


K«eh 
No  , 

Al  1 1  ludo , 
ft 

C«vU  y 
Troaauta . 
Its  U 

Cfl'/lty 

VelotUy, 

I'PN 

Max  lirtiint 

Case 

Tampa ra tut D , 
*T 

Ki's  1  dr  h'.' 

Time  lle<i 
to  Ignlti 

aec 

r  Actual 

.  Time , 

B ,  aec 

3LTO 

30 

IfjO 

:3io 

0.0500 

0.01 20 

2,7 

5D,()hU 

1? 
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Since  the  distance  between  cooling  louvers  lo  the  duct  hcBcer  Inner 
liner  la  approximately  12  inches,  it  ie  enlculated  that  by  the  time  tho 
film  of  cavity  air  scrubbing  the  iilnur  wall,  ha/H  reachod  the  spontanaoue 
ignition  teroperatuts  end  ri^mainfl  at  chat  teuipuratuire  for  the  rnqulrud  time, 
the  film  of  air  will  have  re»enteroi<J  chm  duct  heater  through  the  cooling 
louvaro ,  possibly  causing  a  hot  spot  or  bm.-nlng  on  the  Inside  wall  of  the 
duct  haetor  liner,  II1I.S  is  not  cone  Id  or  nil  to  bn  a  dleagtrouo  type  fallurd 
or  a  type  iailu.ra  that  would  nta'icc  tho  sitginc  inoperative  or  affect  tha 
ffllsalon  comploElon, 

To  further  substentlaca  thaso  concluslone,  testa  are  planned,  during 
engine  developniHut ,  to  a(jiiul«ce  fuel  InunUe  in  both  tha  nncslle  and  engine 
cavity  comportments. 
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SECTION  IV 
AIRLINE  COMMENTS 

Trips  to  the  maintenance  facilities  of  Eastern  Airlines,  Miami,  Florida 
and  United  Airlines,  San  Francisco,  California,  were  made  by  Mr,  R.  E.  Gordon 
from  P&WA's  SST  Control.^  Engineering  to  obtain  information  concerning: 

1.  A  review  of  the  fuel  and  ignition  system  overhaul  standards 
such  as  testing  procedures,  test  limits,  leakage  limits, 
physical  condition  of  detail  parts  acceptable  for  reassembly 
of  the  component,  etc.,  as  established  by  P&WA  and  our 
Component  Vendor  manuals  and  by  the  airlines. 

2.  A  review  with  the  airline's  engineering  department  with  respect 
to  the  authorization  of  reoperation  limits  in  detail  parts  and 
assemblies,  and  allowable  wear  on  parts  prior  to  replacement. 

3.  Information  on  their  record-keeping  system  relative  to  TBO's, 
premature  removals,  etc. 

4.  Hie  problems  ihe  airlines  have  had  with  fuel  and  ignition 
system  components  which  caused  in-flight  shutdowns,  pre¬ 
mature  engine  removals,  premature  component  removals,  plus 
problems  found  uuiiug  cumpoueuL  uve.rtiaiiis . 

5.  Information  on  spark  igniter  type  used  and  theiv  operating 
life. . 

6.  Experience  with  piston-type  hydraulic  pumps. 

Information  gained  on  these  trips  will  be  used  as  a  guide  during 
the  SST  coraponeni  design  and  development  phases  toward  providing  com¬ 
ponents  that  do  not  have  these  same  problems. 
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SECTION  V 
STATE-OF-THE-ART 

A  review  of  a  Grumman  Aircraft  report,  "An  Aircraft  Fatigue  Moiiitoring 
System,"  was  completed  by  the  Reliability  and  Maintainability  groups  for 
possible  application  in  the  JTF17A-20  development  program.  The  system 
outlined  in  the  report  is  applicable  to  static  airframe  sections  in  tem¬ 
perature  environments  of  -65°F  to  +1G5°F.  The.  temperature  range  over 
which  the  monitoring  strip  adhesive  bonding  material  is  effective  is  Loo 
low  for  SST  engine  application.  This  system  is  not  considered  applicable 
to  the  JTF17A-20  development  program  in  its  present  stage  ot  development. 
When  this  system  reaches  the  stage  of  development  in  which  the  monitor 
strips  and  adhesives  will  withstand  the  SST  temperature  environments, 
it  will  again  be  considered. 
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SECTION  I 
INTRODUCTION 

This  appendix  presents  the  results  of  the  duct  heater  experimental 
program  to  date  for  the  Phase  II-C  contract  period.  This  experimental 
rig  program  was  conducted  to  provide  the  necessary  design  and  performance 
information  to  support  the  engine  program. 
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SECTION  II 
BACKGROUND 

Tlie  ram  induction  principle  utilized  in  the  JTF17A-20  augmentation 
system  is  a  new  approach  to  combustor  design.  In  this  concept  the  dynamic 
pressure  of  the  air  flowing  past  the  combustor  liner  is  used  in  addition 
to  the  static  pressure  differential  across  the  liner  as  a  driving  force 
for  the  air  entering  the  combustor.  This  allows  the  combustor  to  operate 
in  high  velocity  flow  fields  or  at  high  burner  "reference  velocities", 
thus  reducing  the  requirements  for  diffusion  of  compressor  or  fan  dis¬ 
charge  air  with  the  attendant  total  pressure  losses  to  the  cycle.  Th 
ram  induction  principle  also  provides  high  levels  of  turbulence  with  high 
heat  release  rate  potential  for  a  given  burner  pressure  loss. 

The  ram-induction  principle  was  selected  for  the  augmentor  for  the 
JTF17A-20  engine  because  it  possesses  Che  advantages  of  wide  operating 
range,  high  combustion  efficiency,  exceptional  ignition  characteristics, 
simplicity  and  inherent  reliability,  and  low  total  pressure  loss  to  the 
fan  stream. 

A  significant  amount  of  testing  had  been  conducted  on  a  7  x  11-inch 
sector  rig  to  develop  the  ram-induction  combustor  prior  to  its  selection 
for  the  SST  application.  These  tests  proved  that  the  potential  of  the 
principle  could  be  realized  from  a  system  suitable  for  use  in  a  super¬ 
sonic  engine. 

The  sequence  of  eveuLs.  in  the  design  and  development  of  the  JTF17A-20 
augmentor  system  is  as  follov/s: 

1.  Testing  of  full-scale  sectors  of  the  duct  heater  system 

2,  Preliminary  design  of  the  engine  flow  path  and  augmentor 

j.  Evaluation  of  the  flow  path  and  augmentor  on  a  water  table 

4.  Design  of  the  augmentor 

5.  Evaluation  of  the  duct  diffuser  in  a  0.6-3cale  annular 
diffuser  rig 

6.  Fabrication  of  major  engine  cases 

7.  Evaluation  of  the  augmentor  in  a  full-scaie.  annular  duct 
heater  rig 

8.  Assembly  and  test'.ng  of  an  experimental  JTFi7A-20  engine  with 
duct  heater. 
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In  each  case,  Information  from  the  preceding  task  was  fed  logically 
into  the  performance  of  the  task  at  I.and,  The  organisation  of  this 
report  represents  the  chronological  sequence  of  the  c:.'  elopment  of  the 
combustor,  and  is  presented  in  the  following  order; 

1.  Full-scale  sector  duct  heater  rig  results 

2.  Water  table  and  diffuser  rig  tests 

3.  Full-scale  annular  duct  heater  rig  results. 
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SECTION  III 

FULL-SCALE  SECTOR  DUCT  HEATER  TESTS 


A.  RIG  DESCRIPTION 

The  full-scale  sector  duct  heat  heater  test  rig  consisted  of  the 
following  components,  which  are  shown  schematically  in  figure  A-IIl-1: 

1.  Air  inlet  section 

2.  Venturi  section 

3.  Transition  section 

4.  Duct  heater  support  section 

5.  Tailpipe  seciion 

6.  Variable  area  nozzle 

7.  Diffuser  section. 

The  air  inlet  section  straightened  the  airflow  and  provided  a  near¬ 
stagnation  region  where  accurate  total  pressure  and  total  temperature 
measurements  could  be  made  upstream  of  the  venturi  section.  The  niv 
inlet  section  was  fabricated  from  a  24-in.  length  of  12-in.  pipe,  v.inich 
provided  an  aJ.r  inlet  Mach  number  of  approximately  0.02.  Inlet  flow  was 
straightened  by  u  banlc  of  1.5-in,  diameter  12-in.  long  tubes.  Station  1 
total  temperature  taps  were  located  6  in.  upstream  of  the  venturi  inlet; 
total  pressure  taps  were  juHi.  upHtreHin  of  the  total  temperature  taps, 

Stainlesn  steel  (type  347)  was  used  throughout, 

A  venturi,  which  was  used  for  an  accurate  low  pressure  loss  airflow 
metering  device,  was  sized  to  provide  proper  airflow  when  choked.  The  venturi 
was  made  from  type  347  stainless  steel  and  was  constructed  in  two  sectionB 
consisting  of  a  4.0-ln.  diameter  throat  with  a  contourocl  flow  nozzle  Iriloi; 
and  a  lO-degree  included  angle  diffuser  settlon.  ihe  thrcjat  diaim'ter  w.i  s 
measured  at  70°F.  A  coefficient  of  linear  cxpai'.slun  of  12  x  in. /In.  f 

was  used  to  correct  tne  throat  diameter  for  higher  temperature  airflow. 

The  venturi  meier  was  made  as  p.art  of  the  rig  to  minimize  ’.f  c  effect  oi 
air  lealtage  on  tile  ncciiracy  of  the  measurement  of  conibuatioii  efficiency. 

The  tran.'iitioii  section  ( i,piii^cte>l  the  i2-in,  dlnmeler  null(!l  of  a 
heater  burner,  utilized  I  i>  provide  elevated  liilet  tempu  r/i  1  u  ri.’ ,  Lo  llie 
recinnguldr  7  x  11  -in.  duet  lu»l  beetiuu.  The  lengtl)  ul  thi'  I  I'iinH  1  1 1 1 .n 
aerl  Lou  enuhled  the  lie.ater  hiirner  prmiiirts  to  h.'  i  .  Mnp  1  e  I  c  I  y  HilHt-.l  ptl.u 
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to  entering  tlie  test  section.  The  transition  section  was  built  in  two 
parts;  an  18~in.  Innp  transition  from  roiwKl  to  roc  tan  pu  1  a  r ,  and  ai)  l8-in. 
long  7~in.  wide  by  11-ln.  Iiigh  rectangular  duct. 

The  duct  heater  support  frames  provided  a  (-'irstant-a  >'ea ,  '/-in,  v;jdo 
by  l)“jn.  high,  rectangular  duct  30  inciicH  long,  (See  iLguro  A-iII-2.) 

llie  water-cuuled  laiijiipe  was  a  .straight  duct  tliat  provided  die  sanie 
burning  length  a.s  the  enj'ln*,-  aogmentor,  'D’c  tailpipe  wan  36  JnclioH  I'liig 
and  wa.s  made  primarily  ol  l/A-i.n,  BCaiii'oH/i  steel  plate.  A  0,30-iii. 
gap  between  the  inner  and  outer  do  ..  wn  i  I  h  provideil  a  cooling  water 
passage . 

A  variabl e-area  nozzle  (figure  A*1.TI"3)  proviik'd  sufficient  area 
variation  to  operate  at  choked  c.on<(ll:lou6  for  duct  reference  Mach  iiunibers 
from  0.12  to  O.iiO  and  I'nel-alr  ratios  ftom  0,005  Lu  0.067  (stwJ  i;liioi(i/i>!,i’le) , 
The  nozzle  wua  water-cooled  in  the  »amn  manner  «n  the  lallplpe  liectloni 
Two  circular,  wutci -cool  rd  lods  wire  UH'*d  (o  vary  llie  t’xll  area,  'lilt 
rods,  v/eie  tonsl  I'ucled  ( roni  u  /.liO-lii.  diameter  lube  welded  t.i’  a  1  .00-in, 
diametev  tube,  with  the  ‘'iS-degrce  conical  suction  connei  ling  the  Inbei. 

Viie  area  was  varied  by  reppil  at  I  ng  the  Itimierfllnn  ot  tli.i  large  dJamMler 
portion  of  the  roil.  'Tlie  rods  were  actuated  by  a  innal  I  hydraulU  cylinder, 
and  a  locking  (ImvIcu  was  provided  to  keep  tliu  rods  fiurn  iolaLlng,  A 
total  preanure  rake  with  a  total  preasuic’  !ai>  loratud  every  1,37'i 

was  1  nco r po  1  a L ed  In  aacli  rod.  I'liii  Ho/zle  arUi  t  iiilcl  be  vai  lid  fiiim  a 
1 

Ilia  jclniii  ill  of  vJ.O  111.  (wlien  In.ilh  prcdiea  ht")  du'li  l,l)-lii,  dlaineltts  I  ii  I  I  v 
(Xteildfid  liilo  (he  diii'l)  to  II  ml  ii  I  ifii.'iTi  of  /,V,n  In,  (wlien  ibr  /.‘jIu,  dianniiut 
poi  lJor'.a  are  lii  1  I  y  eiitendi-il  Inl.e  llie  due’ll.  i'lin  pi'nlieg  were  ue.ilad  ii,  itie 
Jilc  L  by  a  p rea.su r  1  zed  labyrliitb  seal  . 

Till-'  '//a  I  (' r  -  L  oo  I  I'd  ill  1  (noil  g,  .vided  amiiudi  iiaiisH  'O  I  i  om  I  In  ’’i  oigula 
onlia'ist  to  till-  loiiiul  cjei  iiji  ,  iHe'  dliluisei  as  (I'l  inrlioi.  ioiig  and 

Wfin  mafle  |iri'iinrlly  i.il  i/d-lil.  (  vp*-'  tt  /  a !  n  I  n  1 1'.-i  s  iiee'  [iiai.-  llie  rn'in  i  ! 

)  in  I  ,111  gu  1  .1 1  end  i  .0  fi  /  II  in,  I  niu- 1  wall  .irea,  an.il  i  iie  i  a  i  f-'  io'in'-  '-rni 

l|,l  M  ;1  I  /  .  y  '.I  -  1  11  .  i  II  4  1  dn  ill  liliie  (el.  '('Ill-  ll  I  (  (  Uhl  i  I  In  I  nil  ed  lie  !  e  /  0  !  il  n  p  I  i  •  s  . 

1 1 1  ,1  y  'y.i  I  I ,  !  I  1 1 1  ,1'  II  nit'  o  o  nit  I  ■  l  i  1  1 1  (  ■  ■  1  i  I  n  t*  1  it-  I  '  e  ;  i  l  o.i  I  !  ,  *  -  ,  !  !  in 

|)  j  I  ,  I  I  1 1  ;  i  I  til!'  I  i  1 1  I  I  ■  i>  I,:  1  i  ,  j  n  I  V  vi't  I  '  -  I  I  t  I  I  ■  ‘  ■  I  !  M  e  I  I  n  I  r  i  I  ,  1 1  I  4  I  p  H  0  c  i, 
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IJ.  TEST  STAND  DESCRimON 

Stetor  rig  duct  heater  teota  were  costducl’od  in  1J''2  tost  stand,  i'’lg* 
urc.  A-7.XI-^  shows  cha  Inatsl  1  Atlon  of  the  rig  in  the  teat  stand.  As 
ehowit  in  figure  A-III.-S,  t  J73  turbojet  won  used  as  an  air  cuppjy  for  ti.r 
rig  and  a  tvm-gtagu  ••jikclor  .  'ITig  air  tamperature  lu  related  to  ti.o 
etigino  praasur^.  r-ttlo,  but  was  normally  approximately  ASO^P  tor  duet 
haftter  ('.eating  at  Mimulatod  sen  lavel  conditions;  at  these  taet  coiullticiofl , 
the  J75  engine  is  capable  of  supplying  up  to  20  Ib/eec  of  bleoiJ  /ilr  /it  r 
prartsura  of  IflO  peia.  When  using  the  ejnetor  for  altitude  tisitlnB,  Iniot 
tamperaturp  was  controlled  by  mlKlng  engine  bl sed  air  with  nsibient  air  at 
the  rl£  inlet, 

Hie  fual  nyfltftni  is  aluiwn  iinliamatlcal ly  In  figure  A*in-h,  Rlow  wue 
controlled  manual'/  tliroMAih  noadle  velves  upntronm  ol  ilowteror*,  Tlireo 
Inaependent  Ci/el  loiios  wort  provided;  the  flew  to  e/ich  of  the  L’hrnt*  jDoiiafl 
waa  liidapendent I y  iupbau.ed  liy  flowratora.  Rnel  temperature  unit  Kiensiircd 
by  (li,!‘)“ln.  sliaatli«d  t  h  itMiic  I ’(/ 1  ut/iol  ilif-/.iu»i-uvnil(j(i ,  i/nd  tpoiJ  i<u  e  iitov/u 
0-=gdiJ’’p  tempetni  ure  j  nd 1 1. ator ;  onth  sone  wafc  moueured  awperatoly,  Puol 
(ji'oseure  lor  path  iiriu^  wee  redd  on  an  8- lit  lioiut^ 

Oooliug  wrttGt'  war  supplied  through  iKrve  evparniu  n«iilfi)ltJs  and  is 
reguloiod  liy  guts  valveu,  'f)ie  dla^listgo  nl»o  coi'irl  nriv.l  iif  ijiinn  'idini  tnlfis 
onrl  flflpurato  gafe  vulvue,  wh  1 1  li  onnhlod  I  t/yii  I A 1 5  oii  ot  pioBSoto  em/  fiiMy, 
iijiruy  Walct  was  d  i  ai.lifl  I'Kfld  into  llip  ditfu?iei  Burljiiii  d'lwn  rt  I  i  i  ntfi  of  Lliu 
Va  r  lab  1  y  iio  /Egl  r  , 

Walar  flow  viua  iiiuaai‘iar(  In  tho  dlstliaigt  littnllold  .-if  (i,ij  Ifl',  :  niiii 
vafluLtle  noRisly  at-illiii,  by  a  J- fn  ,  lurbliu*  inetar  Willi  U  I  e  >.  L  fijii  f,  p.ioriler 

faflijonl  .  Wylct  lirnuBOiH  was  iiiotiB.U'od  a(  ibn  lt|l«l  ■•I  L'tii!i  tikih  I  f . .  i  I  t,y 

0  ■;  ij  1  0!/  jiai 

'C'j  rrtlrnlaio  (Iib  nuHl  liisseil,  the  wiiioi  l  uiiipo  ra  to  i  e  f  I  gt?  wun  i  laa  mo.  i  »!i)  , 
haLii  IiiIgI  ainl  oh!!  liiiii  I  I  i.  I  n  ni  ..i/f  U--!  wi!!;  o.y.  ,  ijlicuibi.l  ;  i.  <  .  ..i,.'  i - 

flll'niCl  t  ha  r  Riii!  LMi  p  I  es  ,  Ibe  I  aiiiji.  i  m  i  o  rf.*t  v.'«=r'’  !''ri'i!lc!i  liv  a  !'  ‘  ’Uiu  t 

Lciiiiie !  n  I  O  I  e  1  lid  1  i-  a  I  I ')  a  litl  i.ii  a  ij  1  I  f  e  f  es.ti  j  a  I  ■  i  ,,, ,  i  I  ■  li-iK  I  k  e  . 


A  ill  j 


Pratt  &  Whitney  Pircraft 

RM  Fit- 1855 
Appendix  A 

n,  TNSTIU!MI':N'’A’!TnM 

Station  I  was  local  I’A  A  Inchea  npgcreHin  of  clic  venturi  inlet.  Total 
prensiirc  and  ..emperatnre  at  Station  !  were  unod  to  calculate  the  nitClow 
through  ttiu  /entiiri  ,  Total  prcrjiin re  wan  iieiKicd  with  a  Kiel  probe,  and 
temptirntiire  waa  moa.aurnd  with  a  fjvo-ring  Hhlalded  chrop'o  1 -nl umal  thermo- 
cciiiple.  Total  pifRHiire  wan  read  on  eliber  an  f'O-ln.  IJg  niniioMicLer  ''f  a  14- in. 
0-1(10  pal  He  I  tie  fiti jM' ,  ‘t‘eiii|ie pn  I  ii IT  v/.'i';  r*  .til  nil  /I  (I  HOO  F  Btown  tenipi’r- 
atiire  IndlratoT', 

Station  2  was  Ititatcd  In  on'  Ifninedlnlely  down.t  t  rr/iir  of  the  vo  ii  tii  rl 
throat,  Two  Btutic  tapH  were  Icicatod  In  rltlH  nre«)  one  tap  v/ar,  in  the 
throat  and  the  other  tap  wau  3.5  Incltea  dowfiatmam  of  iho  throat.  TTioae 
were  uat'<!  only  to  delern'lne  If  a  i‘lif(l<ed  ennd  It  i  nn  ejlininJ  In  ilia  i/iiUnrl 
throat,  it  tlu-  tlii'o.H  wrt#  clir>t'.e«;l ,  the  atntlc  preionrii  wtnild  be  deiireKRing 
down  the  leHKlIi  of  the  venturt  illffufirr  to  the  pus!  I  ton  nf  the  iihrn  k  wave, 

'Ho’’  lapii  ware  (-oiiliet' I  rd  In  a  ll•■lnlK'  Up.  l''/iiiniiti  ie#  ( loH  Wnii'il  eii-'vi  ij  pnaj  ' 
five  reatling  doling  (ho  uludfi’d  iiind  1 1,  ('-'hm  . 

'vliilloii  J  waa  Intaiei.l  laiii'odtaful  /  ftrrwoi'c/  nl  lln'  do'-f,  linuii  i  ,  Tiifril 
pt'eBMore  wall  liU',.;bii  l  nd  with  Kll/1  rridictt  iiml  hlal  li  |i(nfctii||e  W'l>l  il!e;l  Bil  i  i".l 
witli  O.OSO'Ili,  liiaitiel,//)'  wall  uiprt.  iiieae  presMu  i  lim  won  feed  mi  BO-Io.  Ilg 
llUlilLMiiuterii  <  Tdripe  i  a  1,11  Ve  Wva  iiK/aieirnd  wltit  5"rln)/,  idi  teliJetl  rhrnnie.l  miiel 

therimooHip]  MB  ,  and  ri/ad  (’<•.  a  (,  i  r  nuivm  1  eiijiB i  a  i  i  ca  I  nui  lm  t  nr  , 

jtfl.^ton  U  corn '.'tied  of  i.h^i  dlicharfije  ftoegl#  uecclon  of  tlio  rig;  the 
rig  0Xli'’UHt  area  and  tfllal  (iiriB&ufn  were  meanuied  ai  iIiIb  Bl.Rl  lnn,  Tnl  nl 

praaanra  was  mpaani'rd  by  proHaori  poriH  on  ib«  ij|)BireM'ii  side  nl  (be  uiovailn 
no»?l«  rndu  mil  rand  on  flO-ln.  Hg  irtinoiinEiei  o .  T1i«ve  weir  32  liieBBun-  porn, 

lb  on  eacb  riorr.le  rnd  ,  TTlv  li.iKMle  a/ta  woe  ft  f  e  nn  l  mil  liy  neaunilng  'in- 
(inHll  Ion  of  llip  (luivab)  r  noi'.ieic  rndo,  Onn  I'li.i  W(»e  iijcked  lo  pu»ll  iun  (ir.lnte 

(lie  leMt  and  mertaure'd  inaiu'.ailv.  'flip  ad  1 ;  a  lali !  e  nd  pnutiimi  w-is  i'K?.ii,ii  i  .^1 

niillrliig  an  M  I  ».i  I  I  1  I  1  1  V  tlilyL-n  limvioae  poBlllnn  l  ml  1  ■  a  I  u  i  . 

Btaflnn  ij  W4»  Iniuiofl  gi  If#  rroiil  nf  ifip  iHffiiser  abriinn,  Slutlt 

pteMHure  waa  iiinaBOi  cd  wl  i  li  o  ,  ii  jO..  I  n  ,  lei  i.t  I  i  lapii  r.iid  Iiiad  nn  a(.'"rii, 

Hg  nmiii  iiliei  t  1^  y  I  llO  a  aLiii  li  jiripjibuifr*  wflH  irfifji  \hp>  1 1' 1  d  I  p  I’U  i  -'ll 

BliiLiiHi  fi  «:lo  t  aritl  hH  whwn  Lh4i  dlgLhaimi  n‘'py=li?  wiiH 


A  I  1  I  fi 
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D.  ANALYSIS  OF  DATA 

The  exhaust  temperature  of  the  Juot  heater  was  determined  by  solving 
the  continuity  equation  at  the  plane  of  the  variable  area  nozzle.  By 
knowing  the  airflow  rate  O'?) ,  the  total  pressure  (P) ,  and  area  (A)  of  a 
choked  nozzle,  the  total  temperature  (T)  can  be  solved  using  the  following 
equation ; 

2 

,  _  / Cunat  X  P  X  A\ 

W  j 

Tlia  airflow  rate  v/aa  mencurcd  by  the  choked  venturi,  and  the  pressure 
was  measured  by  the  prcBoun-  rake  In  the  exhaust  nozzle  rods.  The  area 
of  the  variable  aiiyt  nozzle  was  determined  from  the  poiontiometcr  indi¬ 
cation  of  the  rod  position.  An  asnosflment  of  the  exhiusL  nozzle  discharge 
coefficient  wan  matin  Ijy  comparing  alrflnv/  mnaBuroments  wltli  Llie  choked 
venturi  upstream  under  cold  (Mow  condltlono, 

Coirt'cMoiifl  (ii  (hla  temperature  v/ete  made  by  cn  I  <u  )  a  I  1  n  i-;  the  hetil 
t ur  n  lis  I'l  ticl  t  u  ibe  i,all|il(H'  and  nozzle  cuoMnp,  water,  The  actual  liiMper- 
aturn  rlsr  v/an  Ihen  ci  Xipa rntl  with  a  tlieure  leal  tunipoi a tn re  rloe  uulcu- 
iMted  will)  a  ttieu  Cff  (  lea  I  coinliiist  (on  DiM  deck  I'u  dotuimlno  i  he  I’timhu  *  i  i  itn 
ef f Ictcney , 

15,  TEMT  l<f5SUI,T,‘; 

A  lotai  o(  t,A  1  I.eHl  Lillie  uafi  at  enimi  I  a  I  od  ijii  IIiu  lu  )  I  ■  fiefi  I  c 

ftoctor  r  I  p,  test  liom  1  .iiily  1  yn'i  (o  ?i  Marth  ! ‘)06  I'li  ,-ipJi(  iii-tsle  rJui  i 
livaifii  d<!K,l^iiu,  Pot  c'lntlrui)  ty ,  tint  t  lieniei  iimdels  itisieil  as  (eirl  of 
PiWA  '  n  iiidepniHlenl  l'r"|;r(ini  are  repoi'fil  herein.  I'lieba  diinlxurt 

are  ifliiwii  ill  (Ifturos  A-lII-  l  i.hroin/h  A-III''*), 

'J'hf/  Hod  K  du  I  lioater  tln'j)>/n  (f  gurr,  nllitzi’il  (ni  i  he 

IT-tM /A  '  ill  eriginq,  eyol  ved  I  roi’i  tha  Mnej  Ii  iflpu'-a  A=IJI-Mi,  Till-  v('?'fiJon 
flii/u/iiii  !;lip  lilyjit.fcl  e  l' f  1  f:  J  all  t  y  at  criithe  curid  I  I; !  cin «  ,  l'](4urq  A-lil-lf, 
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wider  operation  (al  tt>ougli  lower  crtilsc  efficiencies),  due  to  the  increased 
dome  licight;  which  resulted  in  Inv/er  velocities  inside  the  cnrnbustLM,  this 
featurG  was  i  n  corpora  ted  into  the  Mod  K.  The  rich  blowout  i'uel-aii:  ratio 
increased  ironi  0.005  to  0.015  at  9-p.sla  burner  inlet  pressure. 

Thus,  development;  of  the  at.gmentor  lies  been  concentrated  on  increasing 
tlie  operating  range  and  efficiency  at  cransonle  flight  condifl.onc  v;ithout 
.'uificring  any  performance  penal  ties  at  sea  lev”!  and  cruise  pi.CBsurea. 

Tiie  Mod  M  (figure  A-llI-12)  was  a  inudi  iic'it  ion  of:  tlie  Mod  D  (fig¬ 
ure  A-III-10),  TIh'  ‘iccundary  liner  a'lscmhly  was  replaced  by  a  new  cun- 
1  i  giirat  Inn  huving  external  sf-oops  aiifl  Integral  !  ur  I'u  1  a  tors  .  Th  (  fi  (It-sign 
wiiH  Lite  fiiHt  to  operute  over  the  ontiro  opc'rat  ing  lai.gc,  iiLiri?:!ng  I  wo 
fuel  xont'S  /It  0-p-jla  Inlet:  pre-Baure  and  200''F  tnipt  tc-mpein Lures  at  u 
duci  r  u  I  (.Tenet!  Mach  in/mlivr  ol  O.l'i.  Kl  1  1 «.  1  eiu  t  e  ft  /i  i.  ituIhc  (’llgure  A-III-/) 
and  trarirtiinic  (tlgure  A-Tfl-IH)  emul  1  r  1  ona  were  lov/er  than  the  uugnieii Lui'h 
pre  vl  on  a  1  y  t'e  (i  I  cd  , 

iiii  Mod  .1  O  I  )',n  I'o  A-lll-l'j)  wan  i-oiice  I  v<’fl  an  .i  low-c'oil  rertoarch 
101)1  Id  I  nvon  I:  i  pa  I  e  air  d  I  M  rl  b)il  |oii ,  fltoop  nlrt-,  lairnlnu  .oigle  ,inr|  the 
I )  I  i  M  /  I  (  ) /,iii  id  lulDilili  Mcoop'i.  TIui'Ugh  III/-  ))'i(-  III  ihiHi'  liiiicH  it  w-ilr 
(ouiid  iliiii  HUM)  I  I  I  aiaggored  i»u<>i>pfi  were  el  In  live  In  Ir.rreaftlng  ef  i  I  c  1  eiuy , 
in  ailiHiluii,  I'v  ovoiLnnilng  (he  rear  Bccopn,  the  pas  rec  1  ren  I  a  f  I  on  wllhin 
ilic  cOiadair.liT  wa,’;  litteugt  hened  ,  llierub-/  1 1  o' ri  a  a  i  ng  the.  ope  r,|  I  1  1  Mill  I  llniil.n 
n|  lliU  (hid.  Iie.iur,  A  n  I  I  iieiiii'iil  III  I  Ilf-  (-liK'  .1  I'l  d  ft' r  Cii  ne  p  r  e  n  .nil  re  loun 
in  iiliiiwn  III  lij.'iiic  A-lll'  :A  'liiiH  (iiiilliMhl  or  nill|-/ed  rortned  rlnnlar 

o  i  I  li  .'i.idloy  d  i  .-1 1  r  1  I  1) !  i  on  pal.leriied  ,illei  lb  -  tiiliiil.ir  nio.i|)  ilei.ijMi, 
i'e  I  fi  i  iiiiiiice  ol  the  diul  lie.iier  -wl'h  the  ffirined  ■  i(ulur  tailu'  atoojj  w.in 
,HH|  ,11  llie  Inlliilill  nioo|i.  Till-  Mod  J  had  lill  l  I- I  f  1  c  i  l-llc  V  ;i  I  ilclllle 

I,,i,r!i!  Iliiir,  I  i  i  i/l  I  (■  A  III  I/)  .Old  ill'll  I  i.'ide  I  nip, I-  il  I  ov,  piin- 

, .  I  I-  1  (  I  I  ;(n  ri  A  ]  N  I  ! )  I 

A  i,!ii  ■  I  I  1  Ill'll  VIM  '!  i  on  o(  lill'  M''d  i.  ,  a  I  no  iii' nl  i  I  I  i-d  h-,-  I  ■  1 1  o  i  pi  1 1  a  I  i  ni'. 
a  wl'ic  (b-'lii'-  li  )  d'l'iiie  ul  Lli  two  loriililel  m  In  (lo'v  nvili  lern  w.iii  liisii  d. 

I'l  I  1.  a  I*  i  c ).  |,iii  I  ■■/  I  !  n  1  r  SI  Were  (  eino'J  ei|  _  I-  I  1  ei  I  ]  '.i  e  !  ',■  1 1 1  '  r  !'  a  !1  I  II  I  l  iml.nl  »  lill  ling!  h 
|,y  ,,i|,-  li.ill  'lii'l  inu.alln',  I  he  lo  i,i  1 1  i .  i  i  ,i  i  e,  i-  .'III  np-i  I  1  I'liiii  ai  a  IO"ii').Mi' 

I  I  u’O  i  I  he  iliiiiif  I  ne  I  y -dee'i-i-i.  Iiiiiilnj'  iliiy.le  I  ,  ■  1 .  1 1  '  .  1 1  o  .  a  !,i  n'.i"' 
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upstream  of  the  Zone  11  fuel  injectors.  Perfoiiiiance  of  tliis  shortened 
Mod  E  showed  that  it  had  a  wide  operating  range  and  possessed  a  somewhat 
higher  efficiency  than  the  other  mods  at  high  fuel-air  ratios.  However, 
the  efficiency  at  fuel-air  ratios  below  0.025  is  somewhat  lower.  Fig¬ 
ure  A-III-19  shows  a  Mod  R  modified  to  this  configuration. 

F.  conclusion!  G 

1.  The  Mod  K  duct  heater  that  was  selected  for  the  initial 
.JTF17A-20  engine  d''slgn  w.ns  derived  fro  i  the  Mod  D  and  E 
heaters  and  exhibited  excellent  perfuinuince  characteristics 
at  alraulated  SLTO  and  cruise  conditions. 

2.  The  operating  range  of  the  Mod  1',  wiuct  heater  at  very  low 
presHureH  and  temperatures  (upper  left  hand  ijmil  of  the 
engine  flight  envelope)  vmfl  less  t:han  desired. 

3.  Duct  lieaters  Iwive  l)cc-n  developed  (l.tter  mod  1  f  ii  a  1 1  on>  ;o 
the  Mo<l  II)  that  li/ive  greater  operating  range  cap.ahtlity  at 
luv/  presHtiriiH  and  tempera tii r<’S  . 

^1.  .'lignlilturu  welglit  reduction  can  ho  achieved  by  e  1  i  rid  na  1:1  ng 
rear  ptiiiela  and  scoops  without  flarlously  affecting  duct 
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Flgurt;  A-III-3.  Variable  Area  Nozicle 


FE  3955A 


A-III-10 


n 

n 

Ul 

lUil 

UUIIi  (ULIIR 

iHL 

Pratt  &  Whitney  RIrcraft 

PWA  FR-1855 
Appendix  A 


)gggXTrmvnwtn,mmfmTT*’-m^-- 


Figure  A-lII-14.  Mudifiecl  Mod  J  Duct  Heater 
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SKCTIOH  IV 
DiPPUSBB  TEST 

A.  GBNEliAL 

A  cwo*Uilmeni Lena  1  waler  table  v;aa  uiad  co  ■tudy  cha  fldw  eliafa^lerlBtltfi 
p(  the  fan  duct  paagagi,  ^inplioala  was  fiiaead  an  ribtaining  n  hettar  undaf* 
ICindlng  af  tlia  flow  In  tlia  dlffualnB  reglnni  of  tha  fan  duct,  TItffao 
waCar  Cabie  atudlea  veto  helpful  In  deuelop'.ig  ..  qualitative  un<laf> 
atandlnfi  @1  the  flow  |>h#non)ana  and  itjed  in  the  analynia  at  I  tie  data 
oUtAlnsd  from  the  QiG«ieaia  annular  duti  dlfluaer  /Ig, 

ft.  mu  DiBGRlPITON 

tlie  (JlfCuaaf  tig  aitauUled  the  aetual  duct  heater  flow  parh  ritm  lit# 
tiD  Skit  to  the  cdtnliuafpr  Inlal;,-  Tlte  rtg  wee  annacruetad  nf  laminstsd 
wPsd  and  waa  made  no  a  O.h  acala  of  llie  actual  dlffuaeii  ftie  eiele  waa 
awlecied  to  golnelde  wLCI)  Chat  of  (he  eMleilng  two^atage  fan  rig.  ■il.svlng 
for  CliB  paaalblUty  of  combined  tearing  of  Che  dlffjiei  and  fan  at  a  jaier 

dalt  If  rnaulta  wafianted,  Purward  of  the  dl/fuaer  aecllun  ilieto  wefe 

two  cyUftdrlta  I  Lna  LfMeieulal  iPo  eectlona  §  flow  aira  Ighianlog  bell* 
mouthi  Plow  profile  |enerailO|t  pieleNt  whao  util  ited,  wote  added  betwaao 
(lie  two  inai ruinenta  1  Ion  aectlons.  ^riiuree  A^lV-l  ibiouMb  A'>).V*i,) 

Tlifl  bBllmouch  or  the  forwiPd  end  of  clie  rig  wee  ppen  lo  the  acmaaptinte 

dpid  Uie  eft  end  wae  Ganneotea  to  a  lilib  rapacicy  eMhauflar,  All  eupplled 

to  Che  rig  uaa  at  enjblent  candli  lonei  by  voryiiiB  nitliauatpf  ipeed,  any 
islacced  Havii  number  could  be  eateliliehed  in  [he  rig. 

'flie  viiljiblee  determined  during  Eeailiig  uf  chie  rig  were  inlet 
iod  iKir  Hach  nuenhep,  dlffuaet  total  preaiure  loee  •  and  BEeiiri  pppaeuro 
recoviryi  Indivlduel  dlffuier  ebaracter let  lot  nuch  ea  enpataiion 
Cendenclei  ware  ulau  aiudjad  in  tliie  piugcaiUi 

Q,  INMimUHiNTAnOP) 

‘ilia  diffyabr  rig  iiie  1 1  umeiH  a  i  i  utt  tiinalarad  or  giatii:  and  Lutel  piUN 
■  ure  Mrtaiuring  devlywa,  Well  ■tarly  preeeure  rape  were  cOli*  r  i  uy  ■  ail  from 
braDB  plug#  and  moufitad  ftuah  wllli  rhe  Inner  wellu.  TlieBc  pluga  aBBureit 
avrutare  Biailt  praBerie,  wtitih  Linjld  intt  be  uliratt'.Gil  ftiiti)  luilea  diilled 
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(IlfBctly  Iti  I  111*  wiirid ,  fcnir  typne.  ot  pfoliox  wprn  oBetj  i o  obt/iin  lotnl 
Itressurfifl  iiiid  trey  Htrertni  stuLlc  prexitirp. 

1.  "Pan  je"  Probeis  (Pigurn  A-lV-A) 

fioLli  Potfll  unU  Benfip  prafl (tufen  e«n  be  obldliieil  from  rlilii  type  of 
ptrrbo,  To  mynaufe  nppyrate  acattc  irrenauraii  with  tiiu  lianja  ppobs.  It  is 
ne  igoary  to  null  the  icatle  pl'P«aiirp  readlngB,  t.e.,  rotate  iho  probe 
until  Btattc  pressures  on  eneli  ai/le  of  rbe  jirnbe  i  jad  tlip  some  valudi  At 
tills  point  the  nieflaiifad  /ingle  of  attack  with  the  alrBirsam  ta  eoro  and 
the  side  pressure  jiofts  nieasure  true  static  pressure. 

2.  Klnl  Probes 

'ritis  probe  ts  an  InbereriEly  accurate  prolio  for  measuring  toksi  pras- 
sure,  and  ti  also  Itss  s  Isige  sir  accepisnce  sogl*.  Por  this  reason  the 
tncal  prassure  used  in  calculations  was  obtained  wltb  tills  type  of  probe, 

3.  PI  I  lit -Star  it-  I'rnl-'es 

llils  prubo  did  nut  pruve  siourate  enough  fur  trsversing  the  alrstresm 
beruusp  ol  sensUIvLly  to  sir  anste  end  wall  innueme,  nils  probe  did, 
liuwovuf,  prove  uneiul  In  es tub  1  tsh tng  and  sialntainlng  a  ronslant  oli  flow 
wlieii  liaid  In  Q  rUed  position  suffloiantiy  far  iron  tbs  rig  walls. 

II,  Onjiitigfu  Layer  'lutdl  PraeauiB  piubua 

I'iiesB  t'robes  '.‘insisted  ut  several  total  pressure  picUupa  ai  iiicre^ 
iDental  dletsiiHOi  from  the  wall  of  the  diffuser,  and  wera  gfed  for  buundaiy 
layer  deterirititat  I  r.n. 

nie  loEStl>>n  of  traver.ie  pianos  In  Llis  rig  Is  shown  In  figure  A*1V-1. 

1.  Inscrurueni  el  t  I'll  loieled  t'l  the  first  IumI  i  urtinui  aMnn  srill.i'i 
fetiuaIsLpd  of  Iwo,  th  1  Ob  1  rtfieii  t  pHot  1 1|  r  1  v  F/iliPr,  posltioriBt/ 
e  IrrufflferBiit  in  I  ly  ot  AS"  and  2/',''',  nml  wall  trarle  pressuro 

iSjiH  a.j  1/!;  I  IJ  i\jBsr,  inr-Fa.  ill  i  0  i  fib  I  )  illMB  li  I  0  <  I  “O  W<lti 

iiStid  |ii  (inrtrliy  !  u  liuid  a  s  I  eniiy-s  I  at#  loiidltinu  iifiar  an 
illilow  pofitt  liad  licoo  pg  I  ah  1  I  shed  , 
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2.  In  the  urconrt  Instriinrnt-  I,  Ion  section,  tlierc  were  f  Ivr 
flxlfll  trnvnrstnit  |>lannn  rtnd  llircn  axln)  |'>)an(<H  of  w<i  1  I 
Mtntlc.  n-.e  live  t  tiivci  s  t  nj<  points  would  sccepl  Kiel, 
hanju,  Or  p  1  tot -s  til  t  1 1'  probes  , 

3.  Diffuser  Sec  tion:  1  nsi  riiinriuat ion  In  this  stoLlun  luu- 
Hlfltofl  r.t  rivr  riKlal  irttveiHliig  planes  /it  which  both  Kiel 
flfifl  liunjn  prtilies  were  ufioil.  gtai  i  c;  prnseure  inst  rtnnanl/i-^ 
tion  i/tiii  prosnilL  on  Imlh  Inner  atnl  onior  walls  nilliirQnt 

to  eflgh  trnveiHo  point  .  All  Of  the  nboVe  (Jlffuinr  Instni- 
inenCallon  was  institi|oi|  at  iwo  iljflaiunt  anK!il/if  pianos 
In  I  lie  tlKi 

'IWn  total  prosanre  pi'tihni  anil  etatlc  presSute  taps  were 

insLrtllfeJ  oL  tho  I] )  oo(i  cavity  enLi'anc.'e  lo  ctararsiino  hload 

al t r I ow  ra I e  , 

D.  ‘HiT  I'lMiCKhllRj! 

I.  I'tofl'e  he(  ei’ml  lui  t  Ion  iitnl  l)t<  vi<  I  i>|iiiirn  I 

Beforo  any  flow  profllo  K^'torat  Iiik  sthetiio  deve  I  opiiisn  t  rnnid  bo  (n)Mati-d 
Lu  alHinlatp  Ian  distl.aiKe  condlMoiiS,  ti-si  s  Wp-p  tondnticd  to  ..sicibllsh  ihn 
(II  f  fuiar  l|i|e(  innrile  witll  no  profllo  ((Piieiaiing  devlt'Pi 

TTio  stream  blncUasn  r«iiu(r...J  to  .  pi^dl.iud  le..  dJsch.irgn 

prafllp  (f/(pirp  A-IV-'j)  was  t-a  I  rn  1  a  Led  and  an  alinulnum  plate  toriespondluK 
Cb  the  calciilated  Isliichfigo  yuB  Inauriod  bpiwopn  the  flrgc  and  aenniul 
Inati-iirotntallon  •ettlnns  lor  iBsiing  (figure  A"1V»6),  11, U  posltlnn  was 

woll  fbn/afd  of  tlio  (iiPiiMureiiitinl  plane  to  allir,/  ihe  profllo  lo  BtablMre, 

A  lerlea  of  taets  with  the  InstruiTipnl  rit  Ion  plane  movad  taJatlyM  Lo  the 
proflls  tianciatlMu  plnle  vertl  led  dial  Ihe  pofliUi  ii  lifipd  was  propel  Iv 
BBleeteiJ,  IjiB  iiath  iiuiribgr  protlla  pi  ndo.  cel  liy  ihe  plate  iiw  y  bn  aerri  In 

figutB  A-IV-5. 


A  SeUiind  jirofllD  eElm  re  l  l  r-u  pj!;;,. 


!  i !«!  I  a  !  «•;!  i  li.i  fiiii  dleihiiigtj  piiifijn 


from  early  eKperlfneiUnl  fan  rig  ir-ui  data  The  lun  ^Ig  e„li 

profile  dirreied  liy  a  Luna  1  de  rab !  p  aiHnnol  fr-iin  tbe  ileulgn  prodlrtloii  fflr, 
are  A  IM  /),  It  ahi  .iid  I  l«!  f  {I  I  f  I  (lull  I  h  (  H  [1  I  •  '  I  1  I  f  T)  f  r;  pt  F  i  p  L'  I  1  I  ii  I  ■  V  *■  til 
n.c  engine  fan  <b,rlng  1  he  onily  eUigeo  dov !  ..pincnl  <.oly,  iheae  l!,)ur 
dlffiraer  Inlet  Hflih  nnniln.r  piojiui  gii... ,  n  (  j  ttii  jil.iM'ii  uoir  ugril  [n  tivnluuir 


I  lie  'Hr  tiinti 
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7.,  Diffuiar  KvalvitiEion 

Hj.fCutor  tugttng  wuH  pei'formod  by  fistabl  lab  Ing  Math  nimbcr  profile  for 
a  given  profile  gen  ating  plar®,  and  by  traveraing  in  tiia  ftecond  Inatni- 
mentntion  uaction  fo  detarmlne  that  tha  dailred  profile  had  been  achieved. 

The  dlffuaer  v/na  tiicn  iravcrHt-d  at  eatli  of  Ilb  five  axial  poaltfonB 
vrlth  both  the  Kiel  and  banjo  proliaa,  Tlie  number  of  pofnta  laken  at  each 
poaltic  i  varied  with  the  Intent  of  tlio  opeelflc  prugram.  Data  from  all 
fnatrilinenl  a  I  1  no  were  tahen  perlritllca  (]  y  with  cuuli  travarue, 

TI)b  dota  l.oken  during  tlie  teal  program  were  uied  to  augoHS  tlie 
fol lowing  parameLura; 


a  I  De term* nation  of  Wlffuger  Preaaure  Loan. 


Hie  akpraaalun  of  total  preatiiiru  loan  jg 


Change  In  Latel  praaHure  from  Inlet  to  exit  of  diffuier 
a  I  '  pfsaxure  at  the  dlffiiBer  Tnlei 


in  the  preaaure  lo«a  analyaia,  ibe  Kiel  prtiba  data  from  iravarae 
aCatlona  No.  I  and  No,  U  were  uard. 


Hto  average  tot,,  I  preaanro  at  both  the  Inlet  and  the  exit  of  ibe 
diffuaer  waa  ojitalufid  by  averaging  the  total  pressurpii  over  oqv/i)  maaa- 

arSun  Ir,  tlie  <11  Ifueur  fill'  iln(  b  rije  inlSt  lltld  OKI  t  ■ 


b,  fltntlt  I'ceBsurs  (tacovery 

Ibe  expression  for  static  pressurti  racovory  la 

p  ^  p  Actuel  exit  Blallf  proHBurB  mlruia 

,  _  gj*.  ■  gj  ,  artu^  Iniet  Btatlc  :^)reaaurB 

^•A(tliaoretlca))  "  ^b3  TIibo  r  a  1 1  c  a  1  e  xTc  a  t'a  iTo  pres  sure  m£nu7 

actual  inlui  static  pressure 


Thaorat  l(3a  1  exit  eUtlf  pressure  la  colculateil  u(\  i  l,e  bosia  of  the 
iaanl'ropic  expansion  of  an  Idon)  gas  over  n  given  ertui  ryil/,, 

Ihe  static  pieisureu  uueil  In  tbeite  ravovery  r  u  I  ro  le  i,  ionn  V(«ra  (il)talneil 
fmm  bBijJu  prolies  eiul  wall  eterli  i>resHUifB.  Thu  velueu  u  1  et^iir  lueeaurr 

tj  anil  Ni;».  U  wet  ti  iM*i»#f#  uvt  j 


at  li  tti  (  1  OiiN  N«< 


c .  Dlffusor  CliariicttiriBtU'B 


Pratt  it  Whitney  aircraft 

FWA  PR- 1855 
Appendix  A 


(1)  iJlIliiBer  Wall  Scpn  I'A  I  Ion 

Plow  flppnrallon  wnn  aBfluiiicd  to  have  occurred  when  total  prefloure  wafl 
the  aamo  or  riear  aintlc  prenatirc,  thiia  I  tid  i  ca  t  Ing  zero  vDloeity,  All 
(JJffuaci  data  at  each  iravurHc  polni  were  reviewed  wltl)  Lhla  criterion, 

(2)  ID  DillUhcr  Cooling,  Airflow  Blood 


Tlje  pereoul  of  dlTniior  flow  passing  tliiough  thy  annular  hJeed  air 
extraction  louvnr  in  the  Inner  wall  was  calenlatntl  ns  followa; 


percent  liloo/l  flow 


UIjn/T 

u)^^/r 


X  A,  X 


H  A  X  t>  I  > 

I  d  1 


-  i  How  ot  air  tlvtoua)i  bleed 

To tal  diffuser  woiglii  l^low 


r)ls<liatge  ci'tt  n  I  r  lentil  lor  dlClunat'  and  Itlaod  cavities  were  aHstimed 
to  lid  C),9()  and  n.H'l,  rcBpoc  t !  Vo  ly . 


1{.  WHT  (U<8ULT8 

iho  rntat  prc,",fiurc  lurta  and  the  atailc  pi’esBura  reenvory  for  thy  fan 
duct  dlllnapr  la  fllinwn  In  l  lgui'o  A  lV“h.  The  losses  .JCO  yxtreinely  low 
with  a  flat  Inlftl  pfoltlo  and  with  the  prtillle  poaltod  near  the  outer  wall, 
'Flits  laet  Is  purilcularly  pneout'tlglng  hucause  the  Lwo^utage  fan  ol  rlip 
.)'TPI/A"20  engliw  1»  expelled  to  |Moihico  a  Mat  protMi!  at  ctnlsc  condl- 
ttont.  With  tlie  dlachurge  profile  of  build  No,  5  of  the  fan  rig,  the 
total  preHiiiii  limes  were  below  llie  S'L  level  lot  liilel  Mm  h  niir.ilii' i  a 
eorroBpurid  1  ng  to  liuIbu  euud  I  l  I  ons  , 

Tl)e  Stal'-O  preBaure  roroyery  liata  <  oii I  1  j'lied  the  low  total  preiiaoti* 
liisseB,  I', veil  with  a  severely  idlioard  peaked  tnlpt  proMle,  the  Blntlr 
prossure  recovery  Is  an  aceepiahir*  /(i%,  ami  oppriiatlifs  H57.  with  a  flat 
! n let  profile, 


A  n,' 
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The  average  Mach  number  at  the  diffuser  exit  (combustor  inlet)  is 
shown  In  figure  A-lV-9-  The  low  diffuaer  enii;  Mach  number  and  the  high 
static  pressure  recovery  were  the  priniar  '  contributora  to  the  lower  than 
precllctad  cold  preasuru  loas  of  the  JTF17A-20  augmentor.  (Sec  Appendix  A, 
Section  V,) 

The  total  presaure  loss  of  ttv*  diffuser  v/lth  build  No.  5  inlet  profile 
is  attributed  primarily  to  flow  aeparatlon  at  tlie  outer  wall.  Separation 
of  the  OD  wall  was  predicted  by  the  wouor  tuble  testa.  (Refer  to  Para¬ 
graph  A'1II»E,)  Evidence  of  flow  separation  is  ahoun  In  figure  A-IV-IO. 

Tha  region  near  the  outer  wall  becomes  more  deficjont  in  flow  after  the 
Initial  turn,  but  tontls  to  rccovnr  near  the  entronce  to  the  combustor, 

TItIs  type  cf  separutiou  prudaced  a  somfewliat  l)l'<lier  total  pressure  loss, 
but  would  not  be  expected  to  result  in  operational  problems  (l.e,, 
instability).  Flow  separation  was  not  observed  with  the  more  uniform 
inlet  ptaiil  i  ©g  , 

F.  CONCUJ  SIGNS 

1,  Tlio  fan  duet  heater  diffuaer  Ub  cuMigiivd  ib  saLiofactory 
for  engine  testing. 

2,  Tnu  dlrnjHcr  presdurc  iqsi?  is  lower  than  predicted. 


A  i  V-fi 


OD  Wall  of 
Instnimentation 
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Figuirc'  A-IV-9,  InLi^rpo  i  u  lud  Matil  No.  ProiileB  UK  40677 


A-iv-n 
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SECTION  V 

FULL-SCALE  ANNULAR  DUCT  HEATER  TESTS 
RIG  TESTING 

A.  RIG  DESCRIPTION 

The  full-scale  annular  duct  heater  rig  consisted  of  the  following 
sections,  as  aliown  schematically  in  figure  A-V-1: 

1.  Adapter  section 

2.  Diffuser  section 

3.  Combustor  section 

4.  Tailpipe  section 

5.  Fixed-area  nozzle 

6.  Variable^area  nozzle. 

The  adapter  section  consists  of  the  front  bullet  and  the  inlet  case 
that  adapts  the  diffuser  section  to  the  facility  plenum  chamber.  The 
front  bullet  hue  a  10- inch  diameter  vent  hole  to  provide  for  a  positive 
outward  pressure  across  the  inner  cylinder  during  rig  operation. 

Although  of  heavier  construction,  the  diffuser  section  is  aero- 
dynamlcally  the  anme  as  the  engine,  and  consists  of  an  annular  diffuser 
with  eight  struts  supporting  the  inner  body.  ln.s trumentation  and  cooling 
water  tor  the  rear  bullet  .arc  fed  through  these  struts. 

Tlie  combustor  section  consists  ■  ^  the  combustor  support  case, 
combustor  and  tailpipe.  Cooling  air  for  the  ID  liner  is  bled  from  the 
diffuser  by  an  annular  stepped  slot  in  the  diffuser  case  inner  wall. 

Tliis  cooling  flow  accounts  for  approximately  10%  of  the  total  inlet  flow. 

The  combustor  is  cantilevered  from  eight  support  struts. 

The  duct  heater  combustor  in  the  combustor  support  case,  shown  in 
figure  A-V-2,  is  of  the  ram-inducticn  design.  Scoops  and  turning  vanes 
and  a  slot  at  the  front  of  the  burner  dome  direct  air  into  the  combustor. 

'Tire  scoops  are  staggered  to  provide  for  uniform  mixing  of  air  and  fuel. 

Fuel  is  Introduced  through  two  zones  of  injection.  Zone  I  consists  of 
40  variable-area,  dua  1 -or  1  f ice  nozzles  incorporating  a  .sulrler  around 
ea'-'li  nozzle,  Tlicse  nozzles  are  Inserted  through  the  outer  case  and 
into  the  dome  of  the  combustor.  Zone  11  consists  of  10  mauifolcls  (0  outer 
anti  4  Inner)  tliat  hitvo  a  total  ol  272  injection  clcmp.nip.  Figure  A-V-3 
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shows  a  cross  section  of  the  Zone  II  fuel  injector.  Fuel  pressure  de¬ 
flects  the  diaphragm,  thus  allowing  increased  flow.  Slots  in  the  seat 
impart  a  swirl  resulting  in  a  hollow  cone  sptay.  Fuel  flow-pressure 
characteristics  for  the  Zone  I  nozzles  and  Zone  II  injectors  are  shown 
in  figures  A-V-4  and  A-V-5.  Turbulators  behind  the  fuel  injectors  direct 
some  fuel  into  the  "pilot"  flame  from  the  combustor  and  also  promote  addi¬ 
tional  turbulence  and  mixing  with  the  duct  heater  combustor  discharge  air. 

The  outer  cooling  liner  is  composed  of  60  pressure-loaded  catenary 
segments,  each  having  forward,  intermediate  and  rear  liner  portions. 

Tliese  segments  are  mounted  individually  in  axial  tracks  to  provide  support, 
allow  for  thermal  expansion,  and  enhance  maintainability.  The  rear  and 
intermediate  liners  are  corrugated  to  allow  for  differential  axial 
expansion  (i.e.,  the  center  of  the  catenary  can  expand  more  th.-.u  the 
edges) .  The  forward  liners  are  perforated  to  provide  for  sound  sup¬ 
pression  and  to  damp  combustion  instability.  Two  configurations  of 
front  liners  were  tested.  The  original  design  (figure  A-V-6)  contained 
punched  holes  that  provided  a  9.0%  open  area  for  the  first  9  inches  of 
the  liner.  For  Improved  absorption,  the  holes  in  the  second  liner 
configuration,  shown  in  figure  A-V-?,  were  plunged  to  increase  the 
effective  thickness  of  the  air  mass  in  the  apertures.  Air  through  the 
outer  liners  v;as  metered  by  the  discharge  area  of  the  rear  liner  segments. 

The  inner  liner  was  film  cooled  by  three  slots  through  which  air  was 
injected  axially  along  the  circumference  of  the  inner  liner. 

A  fixed  annular  nozzle  is  used  to  calculate  duct  heater  discharge 
temperature  through  use  of  the  continuity  equation.  This  nozzle  consists 
of  a  water-cooled  inner  bullet  and  a  water-cooled  outer  housing.  Tlrree 
outer  housings  were  fabricated  to  provide  a  range  of  exhaust  nozzle  areas. 

An  11.0-ft^  nozzle  was  used  during  the  sea  level  test  and  a  6.1-ft^  nozzle 
was  used  for  the  altitude  tests.  Eight  total  temperature  and  pressure 
radial  traversing  probes  /ere  mouiiLed  on  the  case  (extensive  redesign  of 
the  mounting  brackets  was  necessary  to  minimize  leakage  around  these 
probes;  the  modified  design  incorporated  a  seal  cavity  with  an  external 
pressure  supply  to  balance  against  burner  pressure) . 


A-V-2 
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A  variable  nozzle  (figure  A-V-8)  was  used  downstream  of  the  fixed 

nozzle  to  establish  inlet  Mach  number  and  burner  pressure  independent 

of  burner  outlet  temperature.  Hie  variable  nozzle  la  a  modified  J58 

afterburner  nozzle  installed  in  a  water-cooled  housing.  The  J58  nozzle 

was  modified  by  adding  extensions  to  the  flaps  to  provide  a  minimum  area 
2 

of  3.5  ft  .  Cooling  air,  amounting  to  approximately  3%  of  the  total 
aj.rflow,  was  bled  downstream  of  the  airflow  measurement  orifice  to  cool 
the  flaps. 

Ignition  was  accomplished  by  utilizing  two  spark  igniters  and  tx.70 
4- joule  low- tension  ex' iters  with  a  28-volt  d-c  input  voltage.  The  spark 
igniter.s  were  mounted  l  the  combustor  support  case  and  extended  through 
the  combustor  outer  wall.  The  igniters  were  located  approximately 
2-1/2  inches  downstream  and  In  line  with  th  ■  hone  I  fuel  nozzles. 

B.  TEST  STAND  DESCRIPTION 

The  duct  heater  rig  was  mounted  in  C-4  test  stand  (figure  A-V-9). 

Thiis  facility  has  the  capability  of  operat.ljag  the  duot  heater  within 
the  engine  operating  envelope  in  the  areas  of  principal  interest. 

Figure  A-V-10  shows  the  operational  capabilities  of  the  test  stand. 

Tile  separate  fuel  supply  systems  for  Zona  I  and  Zone  II  are  shown 
schematically  In  figure  A-V-li.  The  fuel,  commercial  .aviation  kerosene, 
is  pumpfJ  by  a  constant  displacement  pump.  The  fuel  bypassed  sets  the 
amount  of  flow  Into  the  rig;  vernier  valves  permit  fine  control  of  the 
bypass  flow.  A  three-way  valve  either  directs  the  flow  to  the  rig  or 
through  a  recirculating  lt<op.  A  typical  starting  sequence  is  to  estab¬ 
lish  ■he  starting  flow  with  the  thres-\.ay  valve  In  the  closed  position. 

T.;3  back  p-'easuro  Is  et-tabllsheci  uy  the  recirculating  system  back  pres- 
BUii,  control  valve  to  the  back  pressure  or.  the  Zone  I  nozzles;  thus, 
when  the  tin  oe -way  valve  Is  opened,  flow  romalns  constant. 

An  .uuomacic  abort  ayatem  is  alectrically  connected  to  two  ultra- 
violat  lenoing  photoolactrlc  cello.  If  ignition  does  not  occur  within 
20  fli.  eundo  efter  an  attompt,  i.e,,  if  both  "fl?.?  eyes"  show  no  output, 
tli«  ibron-yiy  valvo  clusas  and  a  5-mltiuts  air  purge  sequence  le  started. 
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C.  INSTRUMENTATION 


The  rig  was  fully  instrumented  to  measure  temperatut  -s  and  pressures 
within  the  duct  heater,  as  well  as  pressures,  acceleration,  velocity, 
and  displacement  of  various  components  of  the  burner.  Figure  A-V-12 
shows  the  location  of  the  temperature  and  pressure  measurements. 

The  primary  purpose  of  the  instrumentation  was  to  measure  combustion 
efficiency,  pressure  loss  and  cooling  liner  flow.  Efficiencies  were  cal¬ 
culated  from  the  measurements  of  airflow  through  a  standard  40-inch  ori¬ 
fice,  fuel  flow  through  turbine  flowmeters,  and  exit  temperature.s  and 
pressures  from  eight  traversing  probes.  Each  of  these  burner  exit  tempera¬ 
ture  probes  incorporated  aspirated,  shielded,  irridium-irridium- rhodium, 
dual -element  thermocouples  and  total  pressure  sensing  elements.  These 
probes  were  mounted  on  a  mechanism  that  radially  traverses  the  exit  area 
in  10  equal  area  steps.  The  traverse  control  automatically  stopped  at  each 
position,  stabilized  for  a  preset  time  period,  provided  the  automatic  data 
recording  system  with  a  record  signal,  and  then  proceeded  to  the  next  point. 

Data  were  recorded  by  a  CEC  Milllsadic  Recording  System,  Each  channel 
was  recorded  10  times  and  averaged;  21  seconds  wore  required  for  a  complete 
scan  of  all  channels.  This  average  constituted  the  measurements  utilized 
in  the  analysis  of  data.  After  the  data  were  recorded  on  tape,  they  were 
transmitted  to  the  data  recording  center,  which  programed  the  channels 
into  an  ITM  1410  computer.  Efficiency,  diffuser  inlet  Mach  number,  air¬ 
flow,  fixed-area  nozzle  pressure  ratio,  and  burner  exit  temperatures  were 
Chen  transmitted  back  to  the  teat  stand  control  room  via  teletype.  Ma¬ 
nometers,  gages,  flow  count!  nd  temperature  readouts  were  provided  in 
the  control  room  to  monitor  rig  operation. 

High- frequency- response  pressure  crystal  pickups  monitored  pressure 
oscillations  in  the  combusmr  tailpipe,  diffuser,  and  in  the  facility 
plenum.  Accelerometers  are  placed  in  the  rear  portion  of  the  centerbody. 
Accelerometers  were  also  mounted  on  the  burner  case  In  the  vertical  plane. 
Tiiese  moasurcinents  were  recorded  on  a  CEC  magnetic  tape  recorder.  In 
addiiion,  the  displacement  and  vibration  were  monitored  on  meters  in  the 
control  roor  'urlng  rig  operation.  Starting  transients  and  Zone  II 
Ign  tlon  were  monitored  on  an  oscillograph. 
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D.  ANALYSIS  OF  DATA 

With  the  instrumentation  provided,  combustion  efficiency  can  be 
calculated  by  several  methods.  Two  methods,  one  of  which  was  a  check 
on  the  other,  were  used  to  determine  exit  temperatures  needed  for  cal¬ 
culating  the  combustion  efficiency: 

1.  Mass  weighted  exhaust  temperature  from  exhaust  pressure 
and  temperature  measurements.  This  method  provides  an 
assessment  of  the  chemical  combustion  efficiency. 

2.  Calculate  exhaust  gas  temperature  based  on  total  and  static 
pressures  and  flow  at  the  fixed-area  nozzle  through  the 
use  of  the  continuity  equation.  The  effective  area  of  the 
fixed  nozzle  was  determined  from  O.b-scale  model  calibra¬ 
tion  teats.  This  technique  provides  a  "thrust  equivalent" 
combustion  efficiency. 

The  efficiencies  calculated  were  based  on  total  airflow  through  the  diffuser 
and  take  into  account  a  radiation  loss  of  the  rig  to  ambient  conditions. 
Redundant  instrumentation  was  used  on  all  performance  parameters  to  de- 
crease  error. 

E.  OBJECTIVES 

‘The  objectives  of  the  test  program  using  the  full-scale  annular  bxirner 
were  as  follows: 

1.  Demonstrate  the  combustion  efficiency  of  the  duct  heater  at 
cruise  and  sea  level  conditions 

2.  Determine  the  combustion  efficiency  lapte  rate  with  altitude 

3.  Demonstrate  the  durability  of  the  combustor  and  cooling 
1 iners 

4.  Determine  the  total  pressure  losses  of  the  diffuser  and  duct 
heater 

5.  Demonstrate  duct  heater  ignition  and  determine  the  pressure 
rise  at  Ignitiovi  of  both  Zone  I  and  Zone  II  fuel  flow. 
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F.  TEST  RESULTS 


The  full-acale  annular  duct  burner  v/as  tested  for  a  total  of  A5.0  hours. 
The  range  of  simulated  flight  conditions  at  which  the  turner  was  tested 
is  listed  in  the  following  table: 


Parameter 


Maximum 


Minimum 


Burner  pressure,  psia 
Inlet  temperature,  °F 
F/A  ratio 


11.0  (80,000  ft)  40.0  (Sea  Level) 
650  270 

0.058  0.001 


The  condition  of  the  duct  heater  after  test,  as  shown  in  figure  A-V-IS, 
was  excellent,  no  evidence  of  overheating  existed  and  a  minimum  of  carbon 
v/as  deposited  inside  the  dome.  The  turbulators  on  the  outside  of  the 
annulus  were  in  good  condition;  however,  die  outer  vane  of  several  of 
the  inner  turbulators  overheated.  This  is  believed  to  have  been  caused 
by  impingement  of  hot  gases  from  the  combustor.  The  inner  liner  was 
adequately  cooled  with  no  sign  of  overheating.  At  all  conditions  tested, 
approximately  6.0  to  8.57«  of  the  total  airflow  entered  the  inner  cooling 
liner , 

The  convoluted  OD  liners  were  properly  cooled.  Approximately  7.5  to 
117o  of  the  total  airflow  entered  the  outer  liners  Of  this,  2.5  to  3.57. 
of  total  airflow  discharged  from  the  rear  ccoJ-'ng  liners.  Some  inter¬ 
mediate  and  rear  liners  did,  hcn^ever,  crack  during  the  tests.  The 
failure  of  these  liners  was  attributed  to  stress  ccricentrations  and 
vibration  resulting  from  pressure  oscillations  in  the  tailpipe.  Fig¬ 
ure  A-V-14  shows  typical  liner  failures. 

The  design  of  the  OD  liner  segments  has  been  revised  to  eliminate 
rapid  changes  of  material  cross  section  and  to  provide  more  generous  radii 
t  the  coiners  of  the  segments.  The  forward  OD  liner  segments  have  been 
redesigned  by  increasing  the  length  of  che  apertures  to  increase  the 
aouml  fthsorptlon  capability  of  the  liner.  The  design  procedure  followed 
id  described  in  *Utvik  et.  al . ,  and  was  incorporated  into  an  IBM  computer 
urvg»s,’.  Increasing  the  depth  of  the  liner  apertures  Increases  the 

’’^UtVj.k,  D.A.  ,  H.J.  Ford  and  A.W.  Blackflian,  "EvaluaLiun  of  AbaOrption 
Liners  for  Suppression  of  Combustion  Instability  in  Rocket  Engines." 

AlAA  Preprint.  Propulsion  Joint  dpeclalist  Conference,  Colorado  Springs, 
Colorado,  June  1965. 
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acoustical  mass  of  the  Helmholtz  resonator  formed  by  the  space  between 
the  liner  segment  and  the  outer  v;all  of  the  duct,  This  provides  a  higher 
sound  absorption  coefficient  at  low  frequencies.  A  measure  of  the  effec¬ 
tiveness  of  this  Modification  can  be  seen  by  the  fact  that  the  pressure 
oscillations  in  figure  A-V-15  were  reduced  to  one-half  as  shown  in  fig¬ 
ure  A-V-16.  Further  reduction  in  the  amplitude  of  the  pressure  oscilla¬ 
tions  is  expected  to  be  achieved  with  a  liner  configuration  now  being 
fabricated  having  a  longer  aperture  and  increased  resonator  volume.  This 
configuration  will  be  evaluated  in  engine  test.s. 

The  combustion  efficiency  of  the  duct  heater  as  determined  by  the 
xhaust  temperature  measurements  is  shown  in  figuri;  A-V-17.  The  results 
of  the  sector  rig  tests  are  also  shown  in  figure  A-V-17  to  demonstrate 
the  excellent  agreement  with  the  annular  rig  results.  The  duct  heater 
efficiency  was  over  95%  in  the  expected  cruise  conditions  (Mach  No.  =  2.7, 
Altitude  =  65,000  ft)  and  at  SLTO,  A  reduction  in  combustion  efficiency 
at  altitudes  above  65,000  ft  was  observed  in  the  7  x  11-inch  sector  rig. 
Considerable  improvement  was  made  to  the  low  pressure  operating  charac¬ 
teristics  of  the  sector  combustor  (Section  III)  by  rescheduling  the  air¬ 
flow  into  the  combustor  and  improving  flow  recirculation  in  the  tear 
portion  of  the  combustor.  Changes  to  the  front  end  of  the  full-scale 
duct  heater  combustor  in  a  similar  manner  would  rectify  this.  Temper¬ 
ature  and  pressure  measurements  across  the  rig  exit  plane  furnished 
data  at  F/A  =  0.025,  Mach  No,  =  2,7,  and  altitude  of  65,000  feet; 
these  data  are  shown  in  figure  A-V-18.  The  same  parameters  at  SLTO 
conditions  with  Zone  I  fuel  flow  only,  and  with  Zones  I  and  II  are 
shown  in  figures  A-V-i9  and  -20,  respectively. 

It  should  be  noted  that  the  temperature  profile  peaks  close  to  the 
inner  wall  during  Zone  I  only  operation  because  in  the  original  design 
the  combustor  was  positioned  closer  to  the  inner  wall  to  provide  air  to 
the  OD  cooling  liners.  The  outer  liner  cooling  airflow  was  reduced  by 
decreasing  the  height  of  the  convoluted  liner  segments  at  a  time  when 
changing  the  combustor  dimensions  was  deemed  impractical. 
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The  SLTO  combustion  efficiency  at  fuel-air  ratios  above  0.042  were 
not  valid  because  of  nonuniform  Zone  II  fuel  distribution.  Foreign  ma¬ 
terial  in  the  test  stand  plumbing  supplying  the  inner  Zone  II  manifold 
partially  plug;  od  the  inner  fuel  injectors.  Figure  A-V-21  shows  the  change 
in  radial  temperature  profile  as  Zone  II  fuel  flow  was  increased.  Ibe 
maximum  temperature  of  the  stream  (i.e. ,  the  OD  region)  did  not  Increase 
for  fuel-air  ratios  above  0.049.  These  data  indicate  that  the  local 
fuel-air  ratio  at  the  OD  was  over  stoichiometric  and  that  the  local 

fuel -air  ratio  at  the  ID  was  less  than  the  desired  value. 

Total  pressure  loss  of  the  diffuser  section  (Station  3  to  4)  is 
sho\  n  in  figure  A-V-22.  The  very  low  evel  of  total  pressure  loss 

resulted  from  high  levels  of  diffuser  efficiency,  as  was  discussed  in 

Section  IV.  Good  agreement  in  the  total  pressure  loss,  as  measured  in 
the  0.6-scale  diffuser  rig  and  the.  full-scale  duct  heater  rig,  was 
obtained . 

The  cold  total  pressure  loss  between  the  diffuser  exit  and  the  com¬ 
bustor  exit  is  shown  In  figure  A-V-23.  Tire  loss  is  somewhat  less  than 
predicted  because  of  the  lower  value  of  diffuser  exit  Mach  number 
associated  with  the  highly  efficient  diffuser.  The  overall  cold  total 
pressure  loss  for  the  duct  heater  system  is  shown  in  figure  A-V-24. 

The  results  show  the  additive  effects  of  the  diffuser  and  combustor 
pressure  losses. 

'The  total  pressure  loss  of  the  duct  heater  with  combustion  is  shown 
in  figure  A-V-25 .  The  hoc  losses  are  a  strong  function  of  temperature 
rise  and  generally  were  slightly  lower  than  the  levels  predicted  by 
"Reylelgh  line"  or  momentum  change  relations  where  the  Mach  number  is 
assumed  to  be  the  "Reference"  Mach  number  of  the  duct  heater.  This 
result  would  imply  that  the  principal  heat  addition  is  in  a  region  of 
the  combustor  where  the  velocities  are  lower  than  the  reference  values. 

llie  duct  heater  was  successfully  ignited  at  all  conditions  attempted 
using  the  4- joule  electrical  ignition  system  planned  for  the  engine. 

Ignition  was  accomplished  with  a  slight  rise  in  duct  heater  pressure, 
as  can  be  seen  In  figures  A-V-26  and  -27.  Successful  lights  were 
obtained  with  combustor  fuel-air  ratios  0.0014  to  0.0048.  Tlie  phasing- 
in  of  Zone  II  fuel  In  incremental  changes  produced  no  pressure  discon¬ 
tinuity  (JTguro  A-V-28). 
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J  -J  F  i  7  A  -  2  0  FU  El.  S  ACTl  Vl  T 1 1;  i! 

A ,  GEKEIUl, 

rhlB  flppniidlx  IrtcludoM  fMl.nrl/il  presented  Lo  tlu-  PAA  Fuel„  Industry 
AdviHf.ry  Coiraiil  t,  i  ee  ni  PAA  liDadfiua  rter  8  in  WashinBUm,  D.  C.  .,n  2l  April  I  tlnA, 
Six  mn  )t)r  ■ertlons  are  covered,  an  ((Mows, 

1.  Ilie  riirmnl  a  per  1  I  i  c/i  M  on  -  I))BcU88lon  oi  the  turrenl 

Type  A-1  aviation  kerosene  used  to  run  the  JTP17A-Z0  engine 
and  flic  shipping  and  afiraga  r(ir(friilB  mn )  I'la  Itied  to  efisur'j 
if  11  (piftllfy, 

2.  n.Hfls  II-A  end  il-11  work  COfnplotcrl  *  Revieu  of  wr.rk  (pom 

prevliMiB  piib  1  if  n  t  Ions  InLlinllng  the  lOl,^  i‘ I  e  1  il  Siiruoy  of 

Jef  Piiel  Quality  and  the  ciioet  of  the  ogygen  foment  on 
the  II, Dima!  stabMuy  faMiire  llireshold. 

3.  Conditions  to  whith  the  fuol.  wMl  he  expuaud  -  DesfrlpKDn 
of  a  'iitleti  ft!  mlaainn  protM#  esisblished  to  show  maximum 
estimated  iompe  rat  urea  and  fncl  system  dihematir  with  fots) 

(  tmipei  a|  IK  es  I  h  i  ooglio.i  i  the  syat,5l,,  fiji  niMXlrnum  aMowsbJp 
tnel  inlet  tefflperatnre  ».<  friilie  fondit  ions , 

A,  Pheso  M-C  tBslIng  !o  dflti  -  (hullo,,  ol  the  Lukcr  ,  Ig 
pt  ugranis  a<i<J  descr  Ipt  ir^os  of  omalon  and  corrosion  loais 
Witli  the  fiirrcnt  delivered  fuel,  In'.  I,nliii«  aLLelerstad 
eruston-rorrosion  issta  l.y  i  he  sddl.io,,  of  suMur  lo  t|,e 
waHlffajm  aMnwohU  eencont  and  salt  air  r fmosphore , 

-j.  RoUteu  a-itivtties  -  This  sttort  ij  related  difeetiy  to 
Phsas  n-C  toiling  to  sliow  (ho  lesults  of  si  tsa  1  or  a  t  ud 
puBip  vsar  tstts  as  a  poaatblo  tnailiod  lor  svalusUng 
fuol  lubricity. 

6,  fuBuri  Phais  11, c  program  =  Thti  plan  fo  run  a  J5H  angina 

on  Fratt  4  Whltnay  Aire. art's  seUoied  roel  „ne  nutllned 
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D.  cuRiiENi'  F'!ia  srr.cincATtnM 

The  curronl  hiel  Hpr-f  I  ri  c;i  1,1  on  I't  iIk-  .M'I' i  7A- /’ll  Ciijz.ir'.c  is  I’UA  533, 

Tills  fuel  1.  K  tlio  in'in’c  iiH  IWi  wiiieii  is  mi'.'ii  It,  ilio  -nticril.  Pf^WA 

cummcrelul  )ij!  pti(<lnp,i  cxci-pl  fot'  (In-  r.lieemn!  s !  ,'it,  1  M.  I,  y  I’nipi  1  rnisenl  of 
330‘')i’/AiO'"F  instcud  of  ■i0U'T'7A(»0''r  ,  i'nw  im- .  I  o  c.’i'itirf  :i  pri:  1  f  I  r  ,t  L  f  nil 

J  - 1  07  In  lined  l,o  iinilnt.nlii  'nriliol  r,f  tin-  ,‘,;i-l  lii-)  |,,'rif'l  In  1' liliO  lor  i‘Xp,_it" 
liienl.'il  leriLltiKi  ’I'lilfi  pii  ri  lui  in-  pe  i  I  o  i  m.i  i ,  n  n  |u  l  i  I  ■  i  ,i  r  I  ■:  n  w.n  ,n  v/rlllen 
Ln  control  the  pri'peMleii  ol  llu'  (iiiniil  i-irl  d  i' I  i  ,>n  r  I  e  n  .  In  nevcriil 

nrf'nn,  I  '  n  ri’<|ii  I  r'Miii’iil  ,'i  .ii'e  l  l;!lil(i  Ih.in  IWA  j!f,  Ini  'Jen  in  not  lo 

lie  1  n  I  I' r  |)  !'<’ I  I'd  /Di  ;in  eiijjjne  rr'|ii  i  reiin'ii  I  .  'J'liln  In  lieiiip  doni  l.n  tiia  1  n  I  u  I  n 
llie  Ini-I  ill  ii  fipri  I  I  Ir  I'e  I  i' riiiu  i- ^  lii,|  I'l.li'ici-  li'yi-l  .  I’oi  I’X/iinple,  I  he 
Irnrfii  pnlril  In  r'ln'en  !i|ier  1  I  I  e.i  |  I  y  nl  "Mi  1'  iimi  Ihe  iiiilfui  LonfeilL  in 
(),037.  IfiflKlniiiin,  Xr  ilhKt'fi  III  l-li‘|  lurilint'y  pftieuHHeii  Hliiiiild  if  (eer  nnv 

(if  thPHe  pro|ieftlt'S  Ihi'Y  Would  he  ,"(iioj,i,Ml  Zi'd  ill  dll  edfly  liitd  and  we 
would  iiiv 'Hi (ill  le  ei  Ihin  Llmt'  v/liei:lier  nny  oi  lier  iiddltloiitil  piropert J,ea 
fliay  it  I  Mti  he  nrfenieij,  This  wouid  lirevtnU  iiii  iiildtllmiul  vfirifllile  from 
"htiwfng  lip  in  fltiy  i'M^A  lefllrt  /II  /l  l/ltnr  dllli*,  One  e«/llil()le  of  tills  Is 

Ihe  ll<ni)M:  ill  I  lie  lleiT,'r  pnhll  I  1  Iilll  -jH  III  -.Ml  1'  lilt  llltlll'l.'  de  1  fver  1  I’H  , 

wliirli  t'liiiniifiH  (lie  (iiei  Crom  Type  A>l  III  Tyi"'  A, 

l1in  uvirtlliili  keroHi’iie  ,  pin  i.  Ii.ined  In  I  ■■  1  Ol'  iipi'i  M|(Sl)n|l,  uaed  tn  the 
nui  titiU  ciKppi  fiiivnitd  i  prijgrtiiii  in  iine  oi  the  liiels  il^livnred  tn  Minmt  Intcr- 
n/itlf?riril  Alrp'o'li  ''Od  li  lldn  heen  ii"li'<|ei|  lnM  dune  of  i  |  ti  )uw  priLU.  Till! 
qitir,  tenir;/)  of  I  lie  ftlrp/iri  delivery  dyalnm  la  one  of  llin  rfeaeons  for  iTiu  low 

pri'hd.  Data  on  tlin  Ine)  propertips  nra  sont  by  lelgr/ini  to  eor  Hatorfali 

fluiikiiil  hahiii  « i.  Oiy  ee  eni  ii  jintpH  !5  lo.ililed  at  Llie  M !  S  B  Id  S  Ipp  1  refLiiuly.  Wiieii 

aanh  bdl'HO  dlTlvos  nl  I'orl  Iwerg  I  n/lea  ,  Flntlilfl,  'i  aflinplis  troiii  the  vessel 
Ife  Sent.  dfreL'tly  l.o  out  Mdlerliis  l.ii  hold  I  o|  y  fni  uiiiilyuiH,  Wfieii  tlilh 

attMiple  lidtt  hoeii  cliecksd  to  (-oiiilrin  its  qiidlliy,  l'iirrli/i«  I  iig  Is  Inlnrnu'd 
drill  lliei  flidl  I II  liliii'flge  nl  I'ol  (  liveiKlddes  in  releiiued  lor  delivery 

to  PRDh  by  ti'owk.  Coinposfte  snni|)leii  rroni  ihe  I  riieks  /ir«  c'lieckeil  ngain 
as  tllifi  fuel  I  dellviireil  |o  |  hi,<  rniih  foi-l  liiim,  I’eidodli  Bdiiiplea 

nre  also  (gkeii  f  roi'i  Ihenr  1  siiks  lo  tnisiiie  LliuL  Ihu  liiel  (|iiullly  lius  iiol 
deter Iflrfltefl  dliling  flloiiito  ,  (Spp  figure  ft-l,) 
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Tlio  i96A  Field  Survey  Jet  Fuel  Quality  showed  that  ninety  percent  of 
these  samples  hod  a  thermal  stability  break  point  of  350°F/450°F  or  higher 
as  specified  In  I'WA  513  fuel  spec  11  leal;  ion ,  as  shown  in  figure  B-2.  Tliis 
survey  covered  tlie  entire  United  States  and  consisted  of  49  samples  taken 
from  13  mn jor  oil  <'ompanlca  and  4  airports. 

PIIA.SF  II -A  ANh  II-B  WORK  COMn.ETED 

In  Pliane  ll-B,  a  progr.-rrn  was  conducted  to  Investigate  LliC  effect  of 
low  pieB.'siire  In  red  oa.si  ng  dissolved  oxygen  fn  the  fuel.  Tire  dramatic 
efiecL  of  )iia in ta  1  n Ing  the  fuel  .at  I  psia  for  a  period  of  1  hour  on  the 
iiii'-l  oxygen  content:  can  be  nclcil  In  figure  B-3, 

Eleven  fuel  samples  were  tested  at  pressures  of  1  psia  and  1,5  psla. 

The  oxygen  coiHeni:  during  these  tesl.s  dropped  to  4  ppm  and  9  ppm,  A 
.Snmnwu-y  ol  the  cffocLS  Ju  shov-n  in  figure  B- 4  , 

A  table  (figuic  B"5)  of  the  summarized  data  showed  a  consistent  gain 
ill  tdie  fnp[  tliermal  stability  with  the  oxygen  content  as  low  a.s  4  ppm 
al  1  piila,  11  the  ineHMure  on  tlie  fuel  is  us  much  as  1/2  psia  higher, 
the  dissolved  oxygen  content  would  remain  afl  high  as  9  ppm  and  a  con¬ 
sistent  gain  in  fuel  Ihermnl  stability  would  not  be  obtained.  The  effect 
was  very  random;  no  attempt  was  made  to  indicate  a  requirement  for  this 
apparent  1  inprovemont . 

D.  CONUITION.S  TO  WHICH  THE  FUEL  WILL  BE  EXPOSED 

Ills  mission  profile  shown  in  fionrp  B-A  v.'fls  selected  to  expose  the 
fual  system  to  extreme  tondltiona.  The  climb  portion  of  this  profile 
IricludDfj  maxliMuni  duct  heat  for  takeoff  wltli  a  cutback  to  a  nonaugmer  1 
condilfon  until  tht  aircraft  is  out  of  the  airport  area  and  has  •  *ched 
approximately  Mndi  I,  At  thl.s  time,  maximum  duct  heat  la  resumed  for 
the  remainder  of  the  climb  to  Mach  2.7  and  65,000  feet  where  the  power 
is  tlteu  cut  buck  to  purtlai  duct  beat.  The  Mncli  luim)  nr  of  2.7  is  main- 
talnad  loi  criiiHu  and  the  climb  la  conLlriucd  Lo  an  altitude  of  72,000  feet, 
wliere  pov/er  Ifl  tlien  cut  back  to  Idle  for  ulte  descent.  The  range  of 
a ppi'ox Imntc ly  4  000  ‘Ins  and  I.lic  high  altj.Lu.de  of  72,i)00  feet  along  with 
an  extreme  jiowet  reduction  Irom  partial  duct  lieat  to  minimum-flow  dlle 
wore  combined  tn  denuniS!  rale  maximum  i-HtimHted  temperature  effects. 


I 

I 


I 


W 

-m 

B 


I 


Pratt  &  Whitney  Rircraft 

FWA  FR-1855 
Appendix  E 

The  JTF17A-20  fuel  system  schematic  is  shown  in  figure  B-7  with  cal¬ 
culated  bulk  fuel  temperatures  noted  at  the  end  of  cruise  condition  for 
the  maximum  fuel  inlet  temperature  of  250°F  established  from  the  engine 
specification.  The  temperatures  on  this  schematic  are  the  maximum  esti¬ 
mated  for  steady-state  operation,  "nie  boost  stage  in  the  main  fuel  pump 
raises  the  fuel  temperature  to  263°F.  Recirculation  from  other  fuel  systems 
will  raise  the  temperature  into  the  main  stage  to  SAS^Pjand  fuel  into  the 
main  control  will  be  355°F  at  the  thermal  bypass  temperature-sense  valve. 

With  the  main  engine  at  cruise  power,  an  additional  rise  of  only  10°F 
to  365*’F  will  occur  at  the  primary  combustor  nozzles.  On  the  duct  heater 
fuel  system,  the  pump  discharge  will  be  265  F  witVi  a  rise  of  35  F  through 
the  duct  fuel-oil  cooler.  While  the  duct  heater  is  in  operation,  the 
fuel-oil  cooler  in  this  system  will  carry  the  majority  of  the  engine  oil 
cooling  requirements.  The  temperature  at  the  duct  heater  Zone  I  nozzles 
will  be  SIO^F.  This  is  actually  lower  than  the  primary  combustor  nozzles, 
which  are  the  same  design.  The  duct  heater  nozzles  will  have  a  temper¬ 
ature  environmental  advantage  that  is  not  present  in  afterburning  engines. 

Zone  II  in  this  schematic  does  not  show  a  fuel  temperature  because  cruise 
is  on  Zone  I  fuel  only.  The  return  line  to  the  airframe  does  not  show  a 
fuel  temperature  because  no  heat  will  be  ret-urned  to  the  airframe  at  the 
cruise  conditions . 


The  engine  fuel  inlet  temperature  represents  the  maximum  estimated 
during  the  climb,  cruise,  and  descent.  (See  figure  B-8.)  A  temperature 
of  250°F  at  the  end  of  cruise  was  chosen  for  its  maximum  effect  on  the 
remainder  of  the  engine  system.  During  other  time  periods  of  the  mission, 
the  curve  shows  a  typical  contour  to  sstablish  a  basis  for  other  tem¬ 
peratures  through  the  engine. 

The  effect  of  tb<=  typical  mission  profile  and  the  fuel  inlet  tem¬ 
perature  is  shown  on  the  fuel  temperature  at  the  primary  nozzles,  (See 
figure  B-9,)  During  the  climb  a  step  upward  in  the  fuel  temperature 
reflects  the  change  from  maximum  augmented  to  nonaugmented  power  and  the 
piclcup  of  oil  cooling  by  the  main  fuel-oil  cooler.  During  the  cruise 
portion  of  the  mission,  the  altitude  will  be  increasing  and  the  main 
engine  fuel  flow  decreasing.  This  is  reflected  in  an  increased  tem- 


B 


i 


Pratt  8i  Whitiiey  Aircraft 
PWA  FR-1855 
Appendix  B 

period  up  to  a  maximuni  of  365^'F  at  t  lie  end  of  cruise.  Experience  with  a 
!iigh  supersonic  crui-se  engine  operating  wltli  hot  fuel  has  shown  that  at 
the  end  of  cruise  a  pe.'ik  calculated  temperature  rise  will  not  actually 
occur  because  of  system  dynamics,  and  the  maximum  nozzle  fuel  temperatures 
will  decrease  during  the  descent.  Hie  calculated  maximum  peak  is  shown 
as  a  dasiied  line  reselling  450"F. 

The  duct  heater  nozzle  fuel  temperature  is  shown  relative  to  the 
mission  time.  (flee  ligure  R-10.)  Tlie  low  vise  in  temperature  above 
the.  fuel  inlet  ttsnperature  at  the  beginning  of  the  climb  reflects  the 
high  duct  flows.  This  line  breaks  during  the  nonauf/mented  portion  of 
the  climb  and  picks  up  again  at  nviximum  augmentation.  As  the  duct  heater 
fuel  flows  drop  with  increasing  altitude,  the  temperature  rise  above  fuel 
inlet  temperature  increases  to  a  point  where  cruise  begins  on  Zone  I  only. 

Zone  I  will  reach  a  peak  of  only  310°F  at  the  end  of  cruise.  This  low  tem¬ 
perature  for  the  augmeiitor  fuel  is  possible  only  becau.se  the  air  around  the 
duct  heater  combustor  is  as  much  as  j.470'’F  cooler  than  In  an  afterburning 
engine.  For  the  descent,  a  dump  valve  drains  this  system  and  no  fuel  will 
remain  In  the  iiurnifolds. 

The  licat  retvirn  rate  to  the  airframe  is  shown  relative  to  tlie  mission 
time  in  figure  H-li,  The  outstanding  point  is  the  fact  that  no  heat 
will  be  returned  to  the  airfram<'  during  climb  or  cruise.  At  the  end  of 
cruise,  when  the  power  condition  changes  from  partial  duct  heat  to  a 
minimum-flow  idle  for  the  descent,  the  heat  return  rate  will  rise  to  a 
maximum  of  8500  Btu  per  minute  and  rapidly  drop  off. 

The  accumulation  of  total  heat  return  is  shown  rlarlng  the  descent 
portion  of  the  mission  in  figure  B-12.  Tlie  accumilated  total  will  reach 
approximately  43,000  Btu  per  engine. 

E.  PHASE  II -C  TESTING 

The  coker  rig  has  been  used  to  monitor  the  fuel  delivery  and  to 
ensure  no  deterioration  below  350'’F/450'F  while  the  fuel  is  in  storage. 

A  series  of  coker  tests  was  ran  on  the  current  fuel,  and  the  breakpoint 
was  found  to  be  375‘’F/475°F .  The  addition  of  a  hydrocarbon  lubricity 
additive  did  not  affect  the  thermal  stability  in  samples  used  for  Ryder  gear¬ 
ing  luc:"icity  teats.  An  additional  series  of  coker  tests  is  In  process  to 
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>  i!<>  i  L.rc  ,■  j  .'c,  i  Hi  j  H.,-  pi  i'ssuif  as!'.!  OKyK'-’ii  Oil  Liie  current  fuel 

n'div-.iy  ioj-  cuiii.a  r  i  flc  111  ',/it'i  !!  san/pleH  tested  in  Phase  II-B,  A  scries 

iesis  ! ;,  .iii.ii  ill  iiix'cis;.  ill  estai)lish  tile  effect  of  a  thermal  stability 
i  !  !  Vo  I'ii  !  !a.'  i.ifi  f  Ilia  a  kno  i  lit  . 

Pro::tui;  and  i  oi‘ri>s  i  Oi’i  teats  have  hecni  run  on  turbine  materials  with 
'he  lui  (  (nil  luel  up  to  1000  hours  ot  tcsLin;.’,.  Figure  B-13  shows  that  test¬ 
ing  wtil  be  continued  on  certain  materials  while  other  materials  have  already 
been  reiected.  L'lie  photograph  in  this  figure  shows  the  turbine  samples, 

.:t  t cmperai.ure ,  rotating  in  front  of  a  hot  gas  nozzle. 

Accel  I  ri  ted  erosion  aim  lorrosion  tests  were  lain  with  tVie  current 
PWA  :>d.')  lijiec  1  i  icat  ton  luel  including  sulhir  added  to  the  me  ctinura  of 
(See  Sigiiri  H-IA.)  I'hc  salt  ai>-  atmosphere  at  10  parts  per  million  has  also 
l)een  used  to  acc'el erar.e  this  program.  These  test.*;  will  continue  with  the 
fuel  maintained  at  the  maximum  sulfur  content.  Tliis  is  one  area  in  the 
Phase  ll-C  program  vdiere  iuel  quality  ha;:,  been  changed  to  approach  a  referee 
level  . 

Lubricity  is  a  luel  properly  which  docs  not  have  a  good  test  measuring 
method  at  the  ini-sinii  time,  ilie  results  of  a  series  of  tests  on  the  Ryder 
gear  rig  demoiist  ri  to  why  tlii:;  test  method  may  not  he  the  best  one  to  adopt. 

A  neat:  iue!  ;;.n'.iple  and  three  .idditional  samples  v^illi  150,  250,  and  350  ppm 
of  a  liydroi'ar bon  Lubricity  additive  were  tested  at  the  standard  rig  temper¬ 
ature  oi  1{)5°F  and  at  elevated  remperuttires  of  300°  and  400°F.  The  results 
ol  the  neat  fuel  :.am[>]e  and  two  oi  the  hydrocarbon  lubricity  additive 
samples  showed  an  increase  in  the  load-carrying  capability  with  an  increase 
in  temperature  (tigure  11-15).  The  odd  curve  at  350  ppm  of  the  lubricity 
additive  h.id  several  points  rechecked  with  the  .same  unexplained  results. 

The  general  trend  of  increasing  load-carrying  capacities  with  Increasing 
temperature  was  not  expected  aud  nuiy  be  due  to  other  variables  occurring 
during  the  testing,  such  as  the  deposit  of  fuel  degradation  products  or 
oxidative  ntittcr  held  in  suspension. 

F-  RELATED  ACTIVITIES 

Fuel  lubricity  has  been  investigated  under  another  program  with 
accelerated  pump  wear  tests.  Tlie  .simplified  schematic  in  figure  B-l6 
shows  a  high  pres.sure  piston  pump  system  for  endurance  testing  on  hot 
fuel.  Tt'c  thrii'e  tests  run  with  the  current  fuel,  PWA  533,  .show  that  a 
hydrocarbon  lubricity  additlv  viti  1 1  permit  running  for  longer  periods  of 
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t.t  i,  i  ._:i ;i iiu (i .  rui!:ifc:  Lesub  tiJso  {jhou  that  v/i  th  the  saiiie 

loel  and  the  concentrations  of  lubricity  additive,  the  pump  will 

H.iow  increased  1 1  le  at  loi.'ci'  fuel  temperature.  With  these  trends  in  the 
lesultrjj,  rhla  test  method  r^iy  actually  be  more  applicable  to  the  measurci- 
tstaiL  of  tiu  i  l.ibricity,  al  tb.ooyh  the  tests  are  expensive  and  doubts  have 
already  bet'  raiiicu  a.s  to  t’ne  repeatability  or  standardization  or  the 
pump  used  ^n  tills  program. 


Steudy-state  fuel  temperatures  of  365"^  F  wore  shown  at  the  primary 
combustor  nozzle.';  in  tiie  JTFI7A-20  fuel  system  schematic.  To  demonstrate, 
onr  confidence  in  operating  with  this  temperature  at  the  fuel  nozzle, 
related  .activities  were  reviewed.  Figure  B-17  is  a  schematic  of  a  rig 
test  with  heated  luel.  The  luel  used  in  these  programs  was  the  same  as 
Pv7A  533.  Thi.s  fuel  '.ras  raised  to  a  temperature  above  480°  F  where  a 
mixing  valvi;  tempered  it  to  480  F  so  that,  with  a  30°F  loss,  the  tem¬ 
perature  going  into  a  six-nozzle  cluster  was  450*’F.  Within  the  combustor 
rigj  the  fuel  temperature  continued  tc  rise  to  a  temperature  greater  than 
550''F. 


After  a  50-hour  hot  fuel  endurance  test,  one  fuel  nozzle  configuration 
would  not  repeat  its  rcciuireti  (low  schedule,  as  shown  in  figure  B-18. 

The  fjecondary  portion  of  this  nozzle  stuck  lu  the  open  position  and  the 
nozzle  acted  afj  thougii  it  weri'  a  dual,  fixed-orifice  nozzle. 

Another  nozzle  configuration  op'-'rated  for  50  hours  at  the  same  fuel 
temperatures  and  still  repeated  the  required  flow  schedule  close  enough 
to  not  affect  engine  operation.  The  nozzle  configuration  used  in  the 
jrF17A-20  is  bused  on  this  technology  and  the  extreme  difference  in  the 
temperatures  expected  in  our  engine  and  those  run  in  this  related  pro¬ 
gram  should  provide  a  degree  of  permissiveness  in  engine  operation. 

This  permisaivenecs  could  be  interpreted  as  something  occurring  during 
the  aircraft  operation  such  that  the  engine  may  be  subjected  to  extreme 
increases  in  fuel  temperatures  for  nonstandard  operation.  It  would  mean 
that  although  engine  life  may  be  affected  and  increased  maintenance  may 
be  required,  the  engine  will  not  have  to  shut  down  but  can  continue  to 
operate  for  short  periods  of  ti-ne. 
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riie  series  ol  tests  run  on  tlie  full-scale,  Nortli  Americcin  rig  Indi¬ 
cated  that  fuel  nozzles  would  be  one  of  the  regions  suffering  during 
engine  epera t: i.en .  The  tests  in  c  ir  related  program  show  that  although 
fuel  nozzles  could  be  a  problem  ,t  is  possible  to  design  a  fuel  nozzle 
in  such  a  rmniner  tluit  thicse  effet  '  a  of  higii  temperature  fuel  operation 
cun  be  rc'iuccd.  (See  figure  B- 1  9  .  / 

The  :neasurt.-d  liigh  lemperature  ;fse  is  shown  in  figure  B~20  for  various 
.!r(!as  in  a  fuel  nozzle  cluster.  Ci-v  design  wil‘  keep  a  very  low  residence 
time  for  the  fuel,  and  the  temperature  rise  in  the  ,TTF17A-20  nozzle  holder 
•vill  he  loxi/cr  than  the  temperature  rise  in  the  first  nozzle  of  a  cluster. 

Tile  only  carben  deposits  seen  (figure  B-21)  inside  the  accepted 
nczzle  configuration  following  runs  at  temperatures  much  more  extreme 
than  expected  in  our  engine,  were  in  the  secondary  swirl  chamber  and 
did  not  have  a  significant  effect  on  the  nozzle  flow  schedule.  Other 
surfaces  inside  the  nozzle  were  clean. 

G.  FUTURE  PHASE  II-C  PROGRAM 

J58  engine  testing  at  simulated  JTF17A-20  conditions  Is  scheduled 
to  begin  this  summer  and  it  is  planned  to  run  simulated  mission  climb, 
cruise,  and  descent  profile  for  the  JTFi7A-20  engine  with  heated  fuel. 
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Figure  B-5.  Effect  of  Lew  Oxygen  Control  on  Threshold  Failure  Temperatu* 
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Figure  B-11.  Heat  Return  Rate  to  Airframe 
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